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PREFACE. 


T  T  may  be  eafily  perceived  by  the  title  of 
JL  this  work,  that  it  is  not  offered  to  the  pub- 
lic as  a  finifhed  piece  on  the  fubje£t.  To  treat 
of  the  theory  and  practice  of  Electricity,  in  the 
fuller!  manner,  would  require  a  larger  treatife, 
and  employ  more  time  than  I  can  devote  to  a 
work  of  this  kind. 

The  fcienge  of  Electricity  is  now  generally  ac- 
knowledged to  be  ufeful  and  important ;  and  there 
is  great  reafon  to  think,  that  at  a  future  period 
it  will  be  looked  up  to  as  the  fource  from 
whence  the  principles  and  properties  of  natural , 
philofophy  muft  be  derived  ;  its  utility  to  man, 
will  not  be  inferior  to  its  dignity  as  a  fcience. 

.A  2  I  have 
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I  have  not  attempted  to  trace  Electricity  from 
its  fir  ft  rude  beginnings,  or  to  follow  the  mind  of 
-man  in  its  various  and  irregular  wanderings^  in 
fearch  of  the  laws  by  which  it  acts,  and  the  fource 
from  whence  it  is  derived,  as  this  has  been  fo  well 
executed  by  Dr.  Prieftly.  Our  view  of  things 
is  fo  circumfcribed,  and  the  myfteries  of  nature 
fo  profound,  that  it  is  not  eafy  for  us  to  deter- 
mine, whether  the  received  theory  is  founded  on 
the  bafis  of  truth,  and  conformable  to  nature,  or 
whether  we  mall  be  confidered,  by  future  philo- 
fophers,  as  mere  children,  amufed,  and  fatisfied 
with  imperfect  opinions  and  ill  digefted  theories. 
When  a  variety  of  things  is  mixed  together, 
which  have  little  or  no  connection,  they  naturally 
create  confufion.  It  has  been  my  endeavour,  in 
the  following  efiay,  to  collect  and  arrange,  in  a 
methodical  and  concife  manner,  the  efTential  parts 
of  Electricity,  by  thefe  means  to  render  its  appli- 
cation eafy,  pleafant,  and  obvious  to  the  young 
practitioner;  and  by  bringing  together  experiments 
of  'he  fame  kind,  make  them  mutually  illuftrate 
each  orher,  and  thus  point  out  the  ftrength,  or 
difcover  the  weaknefs,  of  the  theories  that  have 
been  deduced  from  them.  Though  the  nature 
and  confined  limits  of  my  plan  did  not  admit  of 

much 
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much  variety  of  obfervation,  or  a  formal  enume- 
ration of  every  particular,  yet  few  things,  I  hope, 
of  ufe  and  importance,  have  been  omitted. 

As  I  do  not  wifh  to  incur  the  imputation  of 
plagiarifm,  I  with  pleafnre  acknowledge  the  af- 
fiftance  I  have  received  from  the  different  authors 
who  have  wrote  on  this  fubjec~t.  I  have  ufed  an 
unreferved  freedom,  in  felefting  from  their  works, 
whatever  I  found  to  anfwer  my  purpofe.  I  am 
particularly  obliged  to  Sir  Jofeph  Banks,  for  his 
politenefs  in  lending  me  Les  Memoires  de  TAca- 
demie  de  Berlin  for  1780,  at  a  time  when  I  could 
not  procure  them  elfe where. 

( 

The  various  interruptions  and  avocations,  from 
which,  as  a  tradefman,  I  cannot  be  exempt, 
will,  I  hope,  induce  the  reader  to  make  fome 
favourable  allowances  for  any  errors  which 
he  may  difcover,  and  kindly  correct  them  for 
himfelf. 

I  beg  leave  to  avail  myfelf  of  this  opportunity 
to  acquaint  the  public,  that  I  am  now  eno-ao-ed  in 
a  work  defcribing  the  mechanical  parts  of  Mathe- 
matical and  Philofophical  Learning,  and  explain- 
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ing  the  various  ufcs  of  the  different  inftruments  in 
their  prefent  ftate  of  improvement;  which,  Itruft, 
will  greatly  tend  to  facilitate  the  attainment  of 
knowledge,  and  accelerate  its  progrefs.  For  this 
purpofe  I  have  been  at  a  considerable  expence  in 
collecting  fuch  materials  as  may  enable  me  to 
o;:cr  to  the  public  fome  eflays  on  this  fubjeft, 
which  I  hope  will  not  be  found  unworthy  of  its> 
patronage,  and  which  I  mean  to  publilh  with  all 
convenient  fpeed. 
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CHAP.  I. 

Of  Electricity  in  general* 

"TIT  T  mufh  appear  furprifing  to  every  fearchef 
after  truth,  that  Electricity,  which  is  now 
I    allowed  to  be  one  of  the  principal  agents 
employed  in  producing  the  phcenomena  of 
nature,  mould  have  remained  fo  long  in  obicu- 
rity  ;  for,  comparatively  fpeaking,  its  exiftence 
was  not  known  to  the  ancients.    They  were  not, 
indeed,  altogether  ignorant  of  the  peculiar  pro- 
perties of  thole  bodies  that  we  now  term  electrics 
per  fe;  neverthelefs  their  knowledge  was  cir- 
cumfcribed,    becaufe  the  mode  of  acquiring 
it  was  limited.    Very  little  progrefs,  therefore, 

B  was- 
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was  made  in  this  branch  of  natural  hiflory,  till 
the  happy  period  arrived,  when  the  philofophcr 
was  emancipated  from  the  chains  of  hypothetic 
reafoning,  and  the  uncertainties  of  vain  con- 
jecture. 

The  exiftence  of  this  fubtle,  and  in  moft  ca- 
fes invifible,  power,  was  then  traced,  and  many 
of  its  properties  developed ;  its  agency  was  dif- 
covered  to  be  univerfal,  and  its  extent  unli- 
mited. 

Electricity  has  been  dignified  in  a  peculiar 
manner,  by  engaging  the  attention  of  the  phi- 
lofophic  hiftorian  ;  who  has  delineated,  in  a  very 
pleating  manner,  the  gradual  progrefs  of  its 
difcoveries.  He  has  defcribed  the  different 
theories  that  have  been  invented  to  account  for 
its  various  phcenomena  ;  has  communicated  to 
the  public  many  valuable  experiments  of  his 
own  ;  and  pointed  out  the  extenfive  field  which 
remains  to  be  investigated. 

Since  the  publication  of  Dr*  Prieftley's  Hif- 
tory, the  electrical  apparatus  has  been  confidera- 
bly  augmented,  and  many  new  experiments 
have  been  made*  To  defcribe  the  one,  and  to 
arrange  the  other,  under  fuch  heads  as  will 
point  cut  the  connexion  between  the  experi- 
ments and  the  received  theory  of  electricity^ 
was  one  of  the  principal  views  I  had  in  com- 
posing this  effay.    I  alfo  wimed  to  put  into  the 
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hands  of  my  cuftomers  a  tract,  which  might 
enable  them  to  ufc,  with  eafe  and  fatisfaction, 
the  electrical  machines  and  apparatus  which  I 
recommend* 

As  electricity  is  in  its  infancy,  when  con* 
fidered  as  a  fcience,  its  definitions  and  ax- 
ioms cannot  be  ftated  with  geometric  accuracy. 
I  mall,  therefore,  endeavour  to  avoid,  as  much 
as  poflible,  the  ufe  of  pofitive  expreffion  ;  I 
wifh  to  invite  the  reader  to  examine  the  expe- 
riments himfelf,  to  compare  them  one  with 
another,  and  then  draw  his  own  conclufions. 

Experiment  I. 

Rub  a  dry  glafs  tube  with  a  piece  of  dry 
filk,  prefent  light  bodies,  as  feathers,  pith 
balls,  &c.  to  it,  they  will  be  firft  attracted, 
and  then  repelled* 

Experiment  II. 

Rub  a  dry  ftick  of  fealing  wax,  it  will  fir$ 
attract:  and  afterwards  repel  thofe  light  bodies 
that  are  brought  near  to  ir. 

The  friction  in  the  two  preceeding  experi- 
ments has  put  in  action  an  agent,  or  power, 
which  attracts  and  repels  light  bodies  3  this 
power  is  called  Electricity. 

A  certain  quantity  or  natural  mare  of  the 
electric  fluid,  is  fuppofcd  to  be  diflemmared  in 

B  %  all 


4 


'  .1 . 

AN  ESSAY 


all  bodies,  in  which  ftate  it  makes  no  imprerfiorr 
on  our  fenfes  ;  but  when,  by  the  powers  of 
nature  or  art,  this  equilibrium  is  deftroyed, 
and  the  body  becomes  poffefled  of  more  or  lefs 
than  its  natural  mare,  thofe  effects  are  produced 
which  we  term  electrical,  and  the  body  is  faid 
to  be  electrified. 

Any  fubftance,  that  is  made  by  friction  to 
exhibit  electric  appearances,  is  faid  to  be  ex- 
cited. 

Amber,  filk,  jet,  dry  wood,  and  a  variety  of 
other  fubftances,  being  excited,  attract  and  re- 
pel light  bodies  ;  thefe  are  called  electrics. 
Such  fubftances,  as  martals,  water,  &c.  the 
friction  of  which  will  not  produce  this  power 
of  attraction  and  repulfion,  are  called  non- 
electrics. 

When  the  excited  glafs  tube,  or  flick  of  feat- 
jng  wax,  is  in  good  order,  pencils  of  light  will 
dart  from  them  fpontaneoufly,  in  a  beautiful 
manner,  and  a  mapping  noife  will  be  heard  on 
the  approach  of  any  conductor. 

Experiment  TIL 

Let  a  metallic  cylinder  be  placed  upon  filk 
lines,  or  upon  glafs,  bring  an  excited  electric 
near  to  it,  and  every  part  of  the  metallic  cylin- 
der will  attract  and  repel  light  bodies,  as  forci 
hly  as  the  excited  electric  itfelf.. 

1;  Ex- 
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Experiment  IV. 

Support  a  dry  glafs  rod  on  filk  lines,  or  by 
glafs,  bring  an  excited  electric  near  it,  and  no 
attraction  or  repulfion  will  take  place ;  becaufe 
the  electricity  cannot  be  transmitted  through  it. 

Thofe  metallic  bodies  which  poflefs  the  power 
of  tranfmitting  electricity,  are  called  conductors. 
Thofe  fubftances,  which  are  impervious  to  elec- 
tricity, are  called  non-conductors. 

A  body  which  communicates  with  nothing 
but  electrics,  is  faid  to  be  infulated. 

The  moft  important  and  fingular  effects  of 
electricity  would  have  remained  in  obfeurity, 
if  this  power  in  fome  bodies,  to  refift  the  p.tffage 
of  electricity  through  their  fubflances  and  over 
their  pores,  had  not  been  difcovered.  Inftances 
of  the  truth  of  this  affertion  will  occur  in  almoft 
•every  page  of  this  effay. 

We  learn,  from  the  3d  and  4th  experiments, 
that  the  electric  powers  may  be  communicated 
to  infulated  conducting  fubftances  by  excited 
electrics  ;  that  thefe  will  then  attract  and  repel 
light  bodies,  &c.  fimilar  totheelectricitfelf ;  with 
this  difference  only,  that  a  conductor,  which  has 
received  electricity,  parts  with  it  at  once,  when  it 
is  touched  by  another  conductor  that  commu- 
nicates with  the  earth;   whereas  the  excited 
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electric,  under  the  fame  circumftances,  only 
lofes  its  electricity  partially. 

Experiment  V. 

Electrify,  with  excited  glafs  or  fealing  wax, 
two  infulated  cork  balls,  fufpended  by  lines 
about  6  inches  long,  and  the  balls  will  feparate 
from  and  repel  each  other. 

Experiment  VI. 
Electrify  one  ball  with  glafs,  the  other  with 
fealing  wax,  and  they  will  be  mutually  attract- 
ed. 

Thefe  two  oppofite  and  remarkably  diftinfr. 
effects  in  the  attractive  and  repulfive  powers  of 
electricity,  were  difcovered  at  an  early  period 
of  the  hiftory  of  this  fcience 

The  electric  power  produced  by  the  excita- 
tion of  glafs  is  called  pofitive  electricity,  and 
the  power  produced  by  the  excitation  of  fealing 
wax  is  called  negative  electricity.  This  differ- 
ence was  at  fir  ft  thought  to  depend  on  the  elec- 
tric, and  that  the  two  kinds  of  electricities 
were  efTentially  diftinct  ;  but  it  is  now 
known,  that  each  of  thefe  powers  may  be  pro- 
duced from  the  excitation  of  either  glafs  or 
fealing  wax, 

The  difcovery  of  thefe  diftinguifhing  cha- 
ra&eriftics  in  electric  fubftances,  engaged  phi- 
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iofophers  in  an  experimental  enquiry  into  the 
electric  properties  of  moft  bodies,  to  afcertain 
whether  they  poffeffed  the  pofitive  or  negative 
powers.  By  this  means  the  catalogue  of  electric 
bodies,  which  originally  was  very  fmall,  is  now ' 
rendered  exceedingly  extenlive,  as  will  be  feen  by 
the  following:  tables,  which  are  taken  from 
Dr.  Prieftley's  Hiftory  and  Mr.  Cavalio's  Corn- 
pleat  Treatife  of  Electricity. 

Catalogue  of  condu&ing  fubftances. 
i.  Stony  fubftances. 

Stony  fubftances  in  general  conduct  very  well, 
though  dry  and  warm. 

Lime-ftone  and  lime  juft  burnt  are  equally 
imperfect  conductors. 

Marbles  conduct  confiderably  better  than 
free-ftone,  and  there  is  found  very  little  differ- 
ence among  any  of  the  fpecimens  of  marble 
that  have  been  tried. 

A  large  piece  of  white  fpar  with  a  tinge  of 
blue  and  femi-tranfparent,  will  hardly  conduct 
in  the  leaft  degree  :  pretty,  ftrong  fparks  may  be 
taken  from  the  prime  conductor,  while  it  is  in 
contact  with  it. 

A  piece  of  agate,  femi-pellucid,  receives 
the  electric  fpark  into  its  fubftance ;  though 
it  will  pafs  over  about  three  quarters  of 
an  inch  of  its  furface  to  reach  the  finger  that 
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holds  it,  and  it  difchargcs  the  battery  but 
llowly. 

A  piece  of  flate,  fuch  as  is  commonly  ufcd 
to  write  on',  is  a  much  better  conductor  than  a 
piece  of  free-ftone,  which  conduces  but  poorly. 

Touch-ftone  conduces  pretty  well. 

A  piece  of  gypfum  and  plaifter  of  Paris  con- 
duct very  well,  only  the  latter  having  a 
fmoother  furface  takes  a  ftronger  fpark. 

A  piece  Qf  afbeft  from  Scotland,  juft  as  it  is 
taken  from  its  bed,  will  not  conduct.  While 
in  contact:  with  the  conductor,  fparks  may  be 
taken  at  the  diftance  of  half  an  inch  with  a  mo- 
derate  electrification. 

A  piece  of  Spanifh  chalk  conducts  much 
like  marble 

A  piece  of  Egyptian  granite  conducts  consi- 
derably better  than  free-ftone. 

2.  Saline  bodies. 

Oil  of  vitriol  conducts  very  well. 

The  metallic  falts  in  general  conduct  better 
than  any  neutrals. 

Vitriol  of  copper  and  of  iron  conduct  very 
well,  though  they  will  not  tranfmit  a  fhock. 

Vitriolated  tartar  gives  a  fmall  Ihock. 

Salt-petre  does  not  conduct  fo  well  -as  fal- 
ammoniac.  If  the  -  electric  explofion  partes 
pver  its  furface,  it  difperfes  into  a  great  num- 
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ber  of  fragments,  in  all  directions,  with  con- 
siderable violence. 

Volatile  fal-ammoniac  gives  a  fmall  fhock. 

Rock-falt  conduces,  but  not  quite  fo  well  as- 
allura ;  the  electric  fpark  upon  it  is  peculiarly 
red. 

Sal-ammoniac  exceeds  rock-falt  and  allum  in 
its  conducing  powers,  but  will  not  take  the 
lean1  fenfible  fpark ;  fo  that  it  feems  made  up 
of  an  infinite  number  of  the  fined  points. 

Salenitic  falts  conduct  but  poorly. 

By  allum  the  explofion  is  attended  with  a 
peculiar  hiffing  noife,  like  that  of  a  fquib. 

3.  Inflammable  bodies. 

A  piece  of  pyrites,  of  a  black  colour,  takes 
fparks  at  a  confiderable  diftance  from  the  prime 
conductor,  like  fome  of  the  inferior  pieces  of 
charcoal. 

Another  piece  of  pyrites,  which  has  been 
part  of  a  regular  fphere,  confiding  of  a  Ihining 
metallic  matter,  will  not  conduct  near  fo  well, 
though  much  better  than  any  other  ftony  fub- 
ftance.  It  is  a  medium  betwixt  a  ftone  and^| 
an  ore. 

Biack-lead  in  a  pencil  conducts  a  fhock  fecm- 
ingly  like  metal  or  charcoal,  A  fmall  lump  of 
it  takes  as  full  and  ftrong  a  fpark  from  the 
prime  conductor  as  a  brais  knob. 

4.  Mctal$ 
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4.  Metals  and  ores. 
A  piece  of  gold  ore  from  Mexico  is  hardly 
to  be  diftinguiftied  in  this  refpect  from  the  me- 
tal itfelf. 

A  piece  of  filver  ore  from  Potofi,  though 
mixed  with  pyrites,  conduces  very  well. 

Two  pieces  of  copper  ore,  one  the  mofl  va- 
luable that  is  known,  and  another  of  only 
half  the  value,  are  hardly  to  be  diftinguimed 
from  one  another  in  their  conducting  power. 

Lapis-hasmatites  conducts  pretty  well. 

Black-fand  from  the  coafl  of  Africa,  which 
is  a  good  iron  ore,  and  part  of  which  is  affected 
by  the  magnet  as  much  as  fteel  filings,  is  found 
to  conduct  electricity,  but  not  a  mock.  Sepa- 
rating with  the  magnet  all  that  will  be  eafily 
attracted  by  it,  it  conducts  a  fhock  very  well ; 
the  reft  would  hardly  conduct  at  all. 

Even  the  ores  in  which  the  metal  is  mineral- 
ized  with  fulphur  or  arfenic,  as  the  ores  of  lead, 
tin,  and  cinnabar,  the  ore  of  quickfilver,  are 
little  inferior  to  gold  and  filver  ore. 

Ores  that  contain  nothing  but  the  earth  of 
the  metal,  conduct  electricity  little  better  than 
other  ftones. 
Lead,  tin,  iron,  brafs,  copper,  filver,  and  gold. 

5.  Fluids. 
The  fluids  of  an  animal  body. 
All  fluids,  excepting  air  and  oils. 

The 
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The  effluvia  of  flaming  bodies. 
Snow,  fmoke,  the  vapour  of  hot  water,  the 
vacuum  produced  by  an  air  pump,  charcoal,  &c. 

Electric  bodies. 

Amber,  jet,  pitch  and  fulphur ;  likewife  all 
the  precious  ftones,  as  diamonds,  rubies,  garnets, 
topazes,  hyacinths  chryfolites,  emeralds,  fa- 
phires,  amethyfts,  opals,  and  efpecially  tour- 
malins :  all  refins  and  refinous  compounds, 
wax,  filk,  cotton  ;  all  dry  animal  iubflances, 
as  feathers,  wool,  hair,  paper,  &c.  White 
fugar,  air,  oil,  chocolate,  calxes  of  metals,  dry 
vegetables,  &c. 

The  real  and  intrinfic  difference  between 
electrics  and  non-electrics,  remain  among  the 
electric  deliderata  ;  for,  nothing  more  is  afcer- 
tained,  than,  that  the  conducting  power,  in 
fome  meafure,  depends  upon,  or  is  governed 
by  heat.  Glafs,  rclin,  and  many  other  articles, 
are  made  conductors  by  heat ;  while  on  the 
contrary,  cold,  if  not  attended  with  moifture, 
renders  every  electric  fubftance  more  electric. 

Mr,  Achard,  of  Berlin,  has  publifhed,  in 
Rozier's  Journal  de  Phyfique,  a  very  ingenious 
paper  on  this  fubject ;  in  which  he  proves,  by 
experiment,  ift,  That  certain  circumftances  will 
caufe  a  body  to  conduct  electricity  which  before 
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was  a  non-conductor.  2d.  That  thefe  circumftan^ 
ccs  are  the  degrees  of  heat  to  which  this  body 
is  fubjcctcd.    He  endeavours  to  ihew,  that  the 
principal  changes  which  take  place  in  any  fub- 
ftance  from  an  increafe  of  heat  are  an  augmenta- 
tion in  the  fize  of  its  pores,  and  an  increafe  of  ve- 
locity in  the  igneous  particles  contained  in,  and 
acting  on,  that  body.  He  then  proves,  that  the 
lafl  circumftance  does  not  occafion  the  alteration 
in  the  electric  properties  ;  and  infers,  agreeable 
to  the  fyftem  of  Mr.  Euler,  that  the  principal 
difference  between  conductors  and  non-conduct- 
ors of  electricity  confifts  in  the  fize  of  the  pores 
of  the  conftituent  parts  of  the  body. 

In  another  interesting  paper,  which  is  pub- 
limed  in  the  Memoirs  of  the  Academy  of  Ber- 
lin for  1^79,  Mr.  Achard  has  fhewn  the 
analogy  between  the  production  and  effects  of 
electricity  and  heat  ;  and  alfo,  between  that 
property  in  bodies  by  which  they  conduct  the 
electrical  fluid,  and  that  which  renders  thern 
fufceptible  of  heat.  He  gives  an  account  of  a 
new  inflrument,  adapted  to  afcertain  the  quan- 
tity of  the  electrical  fluid  which  is  conducted 
by  bodies  of  different  natures,  placed  in  the 
fame  circumftances. 

By  means  of  this  inflrument  it  is  poffible 
to  afcertain,  with  great  accuracy,  the  quantity 
of  .electricity  a  body  lofes  in  a  given  time,  by 
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touching  another  body  that  is  not  electrified. 
He  has  not  yet  favoured  the  public  with  aft 
account  of  the  experiments  he  has  made  with 
it  ;  only  fays,  that  he  has  constantly  ob- 
fervcd,  that  thofe  bodies  which  lofe  and  re- 
ceive with  difficulty  their  prefent  degree  of 
heat,  receive  alfo,  and  lofe  with  difficulty,  their 
electricity.  A  defcription  of  the  infrrument 
will  be  given  in  this  effay. 

A  lift  of  electric  fubftances,  and  of  the  dif- 
ferent electricities  produced  by  them. 

The  back  of  a  cat  I  Pofitive  4  Every  fubftanc.  with  whiA 
J  2.  it  has  been  hitherto  tried. 

(  Every 
<  tried, 
I   a  cat. 

Pofitive  5  Dry   oiled  fiIk'  C*]Phar* 

7  metals. 

Rough  glafs         ^>  f  Woollen  cloth, quills, wood, 

Negative  1   paper,  fealing- wax,  white 
X   wax,  the  human  hand. 


fubftance  hitherto 
Smooth  glafs        V  Pofitive  ^   tried,  except  the  back  of 


Tourmalin 


.Hare's  fkia 


Pofitive  j  Amber,    air.  * 
Negative  ^  Diamond,  human  hand. 

^  f  Metals,    filk,  loadftone, 

/  Pofitive  «j     leather,  hand, 
>  I    baked  wood. 

^Negative  ^  Other  finer  furs. 


paper, 


*  i.  e.  By  blowing  with  a  pair  of  bellows  upon  it.  By 
this  means  maty  electrics  may  be  excited,  and  fome  better 
ii  the  air  blown  is  hot,  although,  in  both  cafes,  very  little 
eleftricity  can  be  obtained. 

White 
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White  filk 


Black  filk 


v>~rs      \  Black  file,  metals,  black 
Pofitive  <      ,  i 
)  cloth. 

xt      ■     \  Paper,  hand,  hairs,  weafei'a 

NeSatlvc{  fkin. 

Pofitive  |  Sealing  wax 
Negative  ^ 


Hare's,  weazel's,  and  fer- 
ret's /kins,  loadltone, 
brafs,  filver,  iron,  hand. 


Seali 


!  |  P 


ing  wax 


•Baked  wood. 


Hare's,  weafel's,  and  fer- 
Negative  )   ret's  Jkins,  hand,  leathery 


i 


woollen  cloth,  paper. 
Pofitive  |  Silk 
( Negative  |  FlanneL 


Many  circumftances,  apparently  trifling,  will 
occafion  an  alteration  in  thefe  contrary  elc&xici-' 
ties.  It  has  been  faid,  that  of  two  equal  fub- 
fiances  rubbed  together)  that  which  luffers  the 
greater!:  friction,  or  is  moft  heated,  acquires 
the  negative  electricity.  Though  this  in  many 
cafes  holds  true,  with  refpcdt  to  filk  ribbons, 
yet  Mr.  Bergman  fays,  that  if  the  ribbon  A  be 
black,  it  will  never  become  pofitive,  unlefs  B  be 
black  likewife.  With  pieces  of  glafs  the  effect 
is  contrary  ;  for,  if  they  are  both  equalj  the 
piece  A,  which  is  drawn  acrofs  the  piece  B, 
becomes  negative  ;  and  B,  which  fuffers  the 
greateft  friction,  becomes  pofitive*  Heating 
by  fire  produces  the  fame  effect  as  the  greater 

friction. 
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friction.  If  one  piece  of  glafs  be  thicker  than 
the  other,  the  former  becomes  pofitive,  the 
latter  negative.  Coloured  glafs,  even  when 
heated,  becomes  negative,  if  rubbed  with  com- 
mon white  glafs.  If  a  piece  of  blue  glafs  is 
rubbed  againft  a  green  one,  the  blue  glafs  be- 
comes ftrongly   pofitive,    &c.  Bergman 

Swedim  Tran.  1765. 

The  electricities  produced  by  hair  and  glafs 
rubbed  together  feem  to  balance  each  other, 
and  are  therefore  different  according  to  the  man- 
ner of  rubbing  and  the  quality  of  the  hair. 

Hair  of  a  living  animal,  or  hair  newly  cut, 
when  rubbed  with  a  glafs  tube  lengthways,  is 
pofitive ;  and  here,  the  glafs,  which  fufFers  the 
greateft  friction,  is  negative.  But  if  the  glafs 
tube  be  drawn  acrofs  the  animal's  back,  or 
acrofs  a  fkain  of  hair  newly  cut,  the  glafs  be- 
comes pofitive.  Old  dry  hair,  rubbed  on  glafs 
or  on  living  hair,  always  becomes  negative  ; 
but,  if  the  hair  is  a  little  greafed  with  tallow, 
the  fame  effect  is  produced  as  with  living  hair. 
Wilke  Swed.  Tranf.  1769. 

Electrics  differ  from  each  other  with  refpect 
to  the  facility  with  which  they  are  excited,, 
their  force  when  excited,  and  the  power  with 
which  they  retain  the  effects^  of  the  excita- 
tion. 

Silk 
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Silk  fcems  preferable  to  any  other  electric 
fubftance,  for  exhibiting  a  permanent  and  ftrongr. 
attractive  and  repulfive  power* 

Glafs  appears  to  have  the  advantage  in  ex- 
hibiting the  electric  light,  attraction  and  repul- 
lion  in  quick  fucceffion,  in  a  very  -  vigorous 
though  not  a  durable  manner. 

Negative  electrics,  as  amber,  gum-lac,  ful- 
phur,  refin,  and  all  refinous  fubftances,  exhi- 
bit the  electric  appearances  for  the  greateft 
length  of  time.  A  fingle  excitation  is  fuffici- 
en't  to  make  them  do  fo  for  many  weeks,  in 
favourable  circumftances*  They  are  alfo  re- 
markable for  the  ftrong  electric  powers  which 
they  communicate  to  conducting  bodies  that 
tome  in  contact  with  them  ;  and  which  they 
will  continue  to  communicate  for  a  confiderable 
time. 


CHAP 
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CHAP.  H. 

Of  the  Eleclrical  Machine ;  mtb  Directions 
for  exciting  it, 

AS  foon  as  the  properties  of  electricity  were 
in  fome  meafure  developed,  the  philofo- 
pher  and  the  artift  concurred  in  contriving  and 
executing  a  variety  of  machines  to  excite  and 
accumulate  this  extraordinary  agent.  The 
greater  part  of  thefe  have  been  laid  afide,  in 
proportion  as  the  fcience  advanced,  and  its 
boundaries  were  extended.  I  ftiall,  therefore, 
only  defcribe  that  flectrical  machine  which  is 
now  in  general  ufe,  whofe  conftrUction  is  Am- 
ple, and  well  adapted  to  produce  the  electric 
fluid  in  great  quantities,  and  to  tranfmit  it 
in  full  and  continued  ftreams  to  the  prime  con- 
ductor* 

Fig.  1  and  2,  Plate  I,  reprefent  two  electri- 
cal machines  made  on  the  moft  approved  con- 
Itru&ion.  They  are  both  mounted  and  ufed  in 
the  fame  manner,  and  differ  only  in  the  me- 
chanilm  by  which  the  cylinder  is  put  in  mo- 
tion. 

The  cylinder  of  fig.  2  is  turned  round  by 
means  of  the  two  wheels  a  b,  c  d,  which  ac"t 
on  each  other  by  a  catgut  band,  part  of  which 
is  feen  at  e  and  f ;  that  of  the  machine  repre- 
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fented  in  fig.  r,  is  put  in  motion  by  a  fimple 
winch,  which  is  lcfs  complicated  than  the 
other,  and  is  not  liable  to  be  out  of  order. 
Many  practical  electricians,  however,  prefer  a 
machine  which  is  moved  by  a  multiply- 
ing wheel.  '  They  think  that  it  fatigues  the 
operator  lefs  than  that  which  is  moved  by  a 
fimple  winch  ;  and  further,  that  a  moderate  in- 
creafe  of  velocity  in  the  cylinder  augments  the 
momentum  of  the  electric  fluid,  and  produces  a 
greater  quantity  of  it  in  the  fame  time,  which, 
prevents  its  being  abforbed  by  the  cufhion. 

As  the  two  machines,  which  are  reprefented 
in  fig.  i  and  2,  plate  I,  are  nearly  fimilar,  the 
fame  letters,  of  reference  are  ufed  in  defcribing 
them. 

Fig.  1  and  2.  ABC  reprefents  the  bottom 
board  of  the  machine,  the  two  perpendicular 
fupports  D,  E,  which  fuftain  or  carry  the  glafs 
cylinder  F  G  H  I,  are  firmly  fixed  to  the  board 
ABC;  the  axis  by  which  the  cylinder  is; 
moved  is  fixed  into  two  caps,  which  are  made 
fometimes  of  brafs,  and  fometimes  of  wood  ; 
one  is  cemented  on  each  end  of  the  cylinder* 
K,  fig.  1  and  2,  reprefents  one  of  thefe  caps.- 
The  axis  of  the  cap  K  paflp s  through  the  fup~ 
port  D ;  on  the  extremity  of  this  axis  a  fimple 
winch,  is  fitted,  as  in  fig.  1,  or  a  pulley,  as  in. 
fig*  2*    The  axis  of  the  other  cap  runs  in  a 
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Small  hole  which  is  fitted  into  the  top  of  the 
fupport  E.  O  P  is  the  glafs  pillar  to  which, 
the  cumion  is'fixed,  T  a  brafs  fcrew  at  the  bot* 
torn  of  this  pillar,  which  is  to  regulate  the 
preffure  of  the  Culhion  againft  the  cylinder ; 
g  h  i  a  piece  of  filk  that  comes  from  the  under 
edge  of  the  Cufhion  and  paffes  over  the  cylin- 
der till  it  almoft  touches  the  collecting  points 
t>f  the  conductor*  Near  the  top  of  the  glafs 
pillar  O  P  is  an  arm  of  wood,  to  fupport  a  con>- 
ductor  connected  with  the  cufhion,  which  is 
Called  a  negative  conductor.  In  both  figures 
this  is  fuppofed  to  be  fixed  clofe  to  the  culhion, 
and  to  lye  parallel  to  the  glafs  cylinder*  In 
fig.  1  it  is  brought  forwards,  or  placed  too  near 
the  handle,  in  order  that  more  of  it  may  be  in 
light,  as  at  RS;  in  fig.  2,  the  end  RS  only 
is  feen» 

Y  Z,  fig.  1  and  2,  feprefents  the  pofitive 
prime  conductor,  or  that  which  takes  the  elec- 
tric fluid  immediately  from  the  cylinder,  L  M 
the  glafs  pillar  by  which  it  is  fupported  and 
infulated,  and  V  X  a  wooden  foot  or  bafe  for 
the  glafs  pillar.  In  fig.  1,  this  conductor  ii 
placed  in  a  direction  parallel  to  the  glafs 
cylinder ;  in  fig.  2  it  Hands  at  right  angles 
to  the  cylinder ;  it  may  be  placed  in  either 
pofition  occafionally,  as  is  mod  convenient  to 
the  operator. 

£  2  If  ; 
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If  the  negative  conductor  is  required  to  be 
placed  at  right  angles  to  the  cylinder,  and  pa- 
rallel to  the  conductor  Y  Z,  fig.  2,  it  muft 
be  fixed  on  an  infulating  (land,  and  be  connect- 
ed with  the  cufhion  by  a  wire,  which  pallet 
under  the  cylinder. 

Experiment  VII. 

1  Put  the  machine  in  action,  connect  the  cu- 
fliion  by  a  chain  with  the  ground,  and  thofe 
bodies  which  communicate  with  the  pofitive 
conductor  will  be  electrified  politively.  Con- 
nect the  pofitive  conductor  with  the  earth  by  a 
chain,  take  off  the  chain  from  the  cufhion, 
and  thofe  bodies  which  communicate  with  the 
negative  conductor  will  be  electrified  nega- 
tively. 

The  principal  parts  of  an  electrical  machine 
are,  ift.  The  electric,  as  the  glafs  cylinder. 

2d.  Thofe  mechanical  contrivances  by  which 
the  cylinder  is  put  in  motion. 

3d.  The  cufhion  and  its  appendages. 

4th.  The  two  prime  conductors. 

Before  the  electrical  machine  is  put  in  mo- 
tion, examine  thofe  parts  of  it-  which  are  lia- 
ble to  be  injured  by  friction,  or  by  dirt  or 
grit  between  the  rubbing  furfaces,  particularly 
the  axes  which  work  in  the  wooden  fupports. 

D_and 
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D  and  E,  likewife  the  axes  of  the  large  wheel  c  d, 
fig.  2.  When  the  cufhion  is  taken  off,  the  cy- 
linder mould  move  exceedingly  free.  If,  on 
turning  it  round,  any  grating  or  difagreeable 
noife  is  heard,  difcover  the  place  from  whence 
it  arifes,  wipe  it  clean,  and  then  rub  over  it  a 
fmall  quantity  of  tallow.  Examine,  in  the 
fame  manner,  the  axis  of  the  large  wheel  c  d, 
fig.  2.  Put  a  drop  of  oil  occafionally  to  the 
axis  of  the  cylinder ;  examine  the  fcrews  that 
belong  to  the  frame  0/ cylinder,  and  if  they 
are  loofe  tighten  them. 

Wipe  the  glafs  cylinder  carefully,  to  free  it 
from  that  moifture  which  glafs  attracts  from 
the  air ;  be  particularly  attentive  to  leave  none 
on  the  ends  of  the  cylinder,  becaufe  any  damp 
that  remains  on  thefe  will  convev  the  electri- 
city  from  the  cylinder  to  the  fupports,  &c. 

Take  care  that  no  duft,  loofe  threads,  or  any 
filaments  adhere  to  the  cylinder,  its  frame,  the 
conductors,  or  their  infulating  pillars  ;  becaufe 
thefe  will  gradually  diffipate  the  electric  fluid, 
and  prevent  the  machine  from  a&ing  power- 
fully. 

Rub  the  glafs  cylinder  firft  with  a  clean, 
coarfe,  dry,  warm  cloth,  or  a  piece  of  wafli 
leather,  and  then  with  a  piece  of  dry,  warm, 
foft  filk  ;  do  the  fame  to  all  the  glafs  infulating 
pillars  of  the  machine  and  apparatus  ;  thefe  pil- 

C  3  lars 
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lars  muft  be  rubbed  more  lightly  than  the 
cylinder,  becaufe  they  are  varnifhed. 

A  heated  iron  is  fometimes  placed  on  the 
foot  of  the  conductor,  to  evaporate  the  moifture 
which  would  injure  the  experiments. 

In  order  to  find  out  an  effectual  mode  of  ex- 
citing powerfully  an  electrical  machine,,  it  is. 
neceflary  to  frame  an  idea  of  the  mechanifim  by 
which  the  cylinder  extracts  the  electric  fluid 
from  the  cufhion,  and  thofe  bodies  which  are 
connected  with  it ;  I  have,  therefore,  fubjoined 
thofe  conjectures  on  which  I  have  worked,  and 
by  which  I  have  been  able  to,  excite,,  in  the 
moft  powerful  manner,  thofe  machines  which 
have  pafTed  through  my  hands* 

It  appears  to  me,  that  the  refiftance  of  the- 
air  is  leffened,  or  a  kind  of  vacuum  is  produ- 
ced, where  the  cufhion  is  in  clofe  contact  with 
the  cylinder*  The  eledlric  matter,  agreeable 
to  the  law  obferved  by  all  other  elaftic  fluids, 
is  prefTed  towards  that  part  where  it  finds  leaft 
refiftance  ;  the  fame  inftant,  therefore,  that  the 
cylinder  is  feparated  from  the  cufhion,  the  fire 
iflues  forth  in  abundance*  The  more  perfect 
the  continuity  is  made,  and  she  quicker  the  fo- 
lution  of  it,  the  greater  is  the  quantity  which 
will  proceed  from  the  cufhion..  But,  as  the 
fluid  in  this  fituation  will  enter  with  avidity 
every  conducting  fubftance  that  is^near  it,  if 

any 


ON    ELECTRICITY,  ^3 

.any  amalgama  lies  above  that  part:  of  the  .cu- 
fhion which  is  in  contact  with  the  cylinder,  it 
will  abforb  and  carry  back  part  of  the  electric 
fire  to  the ;  refervoir  from  whence  it  was  ex- 
tracted. 

If  thefe  conjectures  be  true,  to  excite  an 
electrical  machine  effectually,  we  muft, 

iu\  Find  out  thofe  parts  of  the  cufhion  which 
are  preffed  by  the  glafs  cylinder. 

2d.  Apply  the  amalgama  only  to  thofe 
parts. 

3d.  Make  the  line  of  contact  between  the 
cylinder  and  cufhion  as  perfect  as  poffible. 

4th.  Prevent  the  fire  that  is  collected  from 
efcaping. 

About  the  year  1772  I  applied  a  loofe  flap  of 
leather  to  the  front  of  the  cufhion  ;  the  amalga- 
ma was  fpread  over  the  whole  of  the  flap  ;  the 
cufhion  was  then  put  in  its  place,  and  the  loofe 
flap  of  leather  doubled  down,  or  rather  turned 
in,  more  or  lefs,  till  by  fucceflive  experiments 
the  fituation  was  difcovered  which  produced 
the  greateft  effect ;  for,  by  this  means,  the 
quantity  of  amalgama  acting  againft  the  cy- 
linder was  lefTened.  I  was  naturally  led  to 
contract  the  breadth  of  the  cufhion,  and  place 
it  in  fuch  manner  that  it  might  be  eafily  raifed 
or  lowered. 

C  4  The 
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The  advantages  gained  by  this  method  were 
confiderably  improved  by  a  very  ingenious 
Gentleman.  ,  He  glued  a  bit  of  leather  on  a 
large  piece  of  cork,  and  placed  his  amalgama 
on  the  leather  ;  with  this  he  rubbed  that  zone 
of  the  glafs  cylinder  which  bears  againft  the 
cufhion.  By  this  excellent  contrivance,  the 
line  of  contact  between  the  cylinder  and  cufhion 
is  rendered  very  perfect,  the  fmaller  pores  of 
the  glafs  are  filled  with  the  amalgama,  and  the 
iuperfluous  parts  of  it  are  dcpofited  on  the  cu- 
fhion. 

Bcccaria  fuggefts,  that  the  amalgama  thus 
depofited  on  the  furface  of  the  glafs  forms  a 
continued  feries  of  conducting  particles,  which 
carry  the  fire  to  the  prime  conductor,  and, 
under  certain  circumftances,  back  again  to  the 
culhion. 

Another  ingenious  electrician  afcertains  the 
line  of  contact,  formed  between  the  cylinder 
/  and  cufhion,  by  placing  a  line  of  whiting, 
which  had  been  previoufly  diffolved  in  fpirits  of 
wine,  on  the  cylinder  :  on  turning  the  cylinder 
this  whiting  is  depofited  on  the  cufhion,  and 
marks  the  places  which  bear  againft  the  cylinder; 
the  amalgama  is  to  be  placed  only  on  thole  parts 
which  are  marked  by  the  whiting. 

Either  of  thefe  modes  will  fucceed.    If  the 
firft  is  ufedj  no  amalgama  is  to  be  placed  on 

the 
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the  cufhion ;  that  which  W  rubbed  into  the 
cylinder,  and  depolited  by  it  on  the  cufhion 
in  its  revolutions,  will  produce  an  aftoniihing 
quantity  of  fire.  In  either  method,  when  the 
cylinder  is  rubbed  with  the  amalgamated  lea- 
ther, that  part  of  the  oil,  or  black  filk,  which 
lies  above  the  cufhion,  is  to  be  turned  back, 
and  if,  by  accident,  any  particles  of  amalga- 
•ma  ftickto  it,  they  muft  be  wiped  off  carefully. 

If  the  electricity  of  the  cylinder  grows  lefs 
powerful,  it  is  eafily  renewed  by  turning  back 
the  lilk  which  lies  over  it,  and  then  rubbing 
the  cylinder  with  the  amalgamated  leather. 

A  very  fmall  quantity  of  tallow  placed  over 
the  amalgama,  is  obferved  to  give  more  force 
to  the  electric  powers  of  the  cylinder. 

Experiment  VIII. 

When  the  cylinder  is  put  into  good  action, 
a  number  of  circular  lines  of  fire  will  iffue  from 
the  cufhion  ;  prefent  a  row  of  metallic  points 
towards  thefe,  and  they  will  difappear.  The 
conducting  fubftance  collects  the  electric  fluid 
before  it  can  take  thofe  appearances,  or  be  diffi- 
pated  into  the  air. 

Hence  we  learn,  that  to  prevent  a  lofs  of  the 
electric  fluid  which  is  excited,  we  muft  pre- 
vent the  air  from  acting  on  the  fluid,  which  is 
put  in  motion  by  the  excitation    for  the  air 

not 
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not  only  refills  the  emiffion  of  the  fluid,  but 
alfo  diffipates  what  is  collected  by  means  of 
the  conducting  fubftances,  which  are  continu- 
ally floating  in  it. 

Thefe  ends  are  effectually  anfwered  by  letting 
a  non-conducting  fub  fiance  proceed  from  the 
line  of  contact  to  the  collecting  points  of  the 
prime  conductor,  and  placing  thefe  points 
within  its  atmofphere.  When  no  amal- 
gama  is  put  on  the  cufhion,  a  plain  piece 
of  black  filk,  or  one  flightly  impregnated  with 
•bees-wax,  fixed  to  the  under  edge  of  the 
cufhion,  and  proceeding  from  thence  to  the 
•collecting  points  of  the  conductor,  will  anfwer 
exceeding  well.  If  the  amalgama  is  placed  on 
the  cufhion,  a  piece  of  oil'd-filk  fcems  to  anfwer 
the  belt. 

I  was  informed,  by  an  ingenious  friend,  that 
he  had  for  many  years  ufed  a  piece  of  black 
filk,  which  was  impregnated  from  one  end  to 
the  other  with  amalgama,  in  which  a  fmall 
quantity  of  bees-wax  had  been  mixed  ;  this  he 
rubbed  into  the  filk  with  a  piece  of  fponge. 
If  the  force  of  the  machine  diminifhed  while  it 
was  in  ufe,  he  refrefhed  it  by  holding  an  amal- 
gamated fponge  againfl  the  cylinder  when  it 
was  revolving. 

It  is  often  very  advantageous  to  dry  the  oiFd 
or  black  filk  before  the  machine  is  ufed. 

The 


ON     ELECTRICITY.  27 

The  operator  ought  not  to  think  his  machine 
in  good  order  till  it  pours  forth  the  fire  in 
great  abundance,  and  ftrong  dcnfe  fparks 
are  obtained  in  quick  fuccemon  from  the 
conductor.  When  the  conductor  is  removed, 
the  fire  mould  fparkle  round  the  cylinder,  and 
throw  out  many  beautiful  brumes  of  light. 

Two  kinds  of  amalgama  are  much  in  requeft 
at  prefent.  One  is  made  of  quickfilver  five 
parts,  zink  one  part,  melted  together  with  a 
fmall  quantity  of  bees-wax  :  the  other  is  the 
aurum  mufivum  of  the  mops.  I  find  it  diffi- 
cult, after  many  trials,  to  fay  which  of  thefe 
act  the  beft. 

The  following  experiment  feems  to  illuftrate 
and  confirm  the  foregoing  conjectures  on  the 
mechanifm  by  which  the  fluid  is  extracted 
from  the  culhion,  and  the  bodies  connected 
with  it^ 

Experiment  IX. 

Break  a  ftick  of  fealing-wax  in  two  pieces 
thofe  extremities  that  were  contiguous  will  be 
found  electrified  with  contrary  powers  ;  one  will 
be  pofitively,  the  other  negatively,  electrified. 

Every  electrical  machine  ought  to  be  fur- 
nifhed  with  an  infulated  cuihion  and  two  prime 
conductors,  one  for  pofitive,  the  other  for  ne- 
gative electricity  ;  as,  by  thefe,-  cither  electri- 
city 
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city  is  produced  at  pleafure,  a  greater  number  of 
experiments  may  be  performed,  and  the  proper- 
tics  of  the  electric  fluid  more  eafily  explained. 

Experiment  X. 

Connect  the  pofitive  conductor  by  a  chain 
with  the  table ;  turn  the.  cylinder,  and  the 
culhion  will  be  found  to  be  negatively  electri- 
fied. Take  the  chain  off  from  the  pofitive 
.  conductor,  and  both  will  exhibit  figns  of  elec- 
tricity ;  but  any  electrified  body  which  is  at- 
tracted by  the  one,  will  be  repelled  by  the 
other.  If  they  are  brought  fufficiently  near  to 
each  other,  fparks  will  pafs  between  them,  and 
they  will  act  on  each  other  ftronger  than  on 
Other  bodies.  If  they  are  connected  together, 
the  electricity  of  the  one  will  deftroy  that  of 
the  other ;  for,  though  it  feems  to  proceed 
from  the  cumion  to  the  conductor,  the  two, 
when  thus  conjoined*  will  exhibit  no  figns  of 
electricity,  becaufe  the  fire  is  continually  cir- 
culating from  one  to  the  other,  and  is  kept 
always  in  the  fame  ftate. 

We  fee,  by  this  experiment,  that  electric 
appearances  are  produced  both  in  the  electric 
which  is  excited,  and  the  fubftance  by  which  it  is 
excited,  provided  that  fubftance  be  infulated  ; 
but  their  electric  powers  are  directly  reverfe  of 

each 
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*ach  other,  find  may  be  diftiuguiihed  by  op- 
pofite  effects- 

Experiment  XI. 

If  the  cuftiion  and  the  conductor  are  both 
infulated,  it  is  obferved,  that  the  lefs  electric 
fluid  is  obtained,  the  more  perfect  the  infulation 
is  made. 

The  moiflure  which  is  at  all  times  floating 
in  the  air,  together  with  the  fmall  points,  from 
which  it  is  impoffible  totally  to  free  the  cuftiion, 
do  not  permit  it  to  be  perfectly  infulated,  fo  as 
to  afford  no  fupply  of  eleelric  matter  to  the 
cufhion. 

If  the  air,  and  other  parts  of  the  apparatus, 
are  very  dry,  little  or  no  electricity  will  be 
produced  in  the  above-mentioned  circumstan- 
ces. 

From  this  experiment  it  is  inferred,  that  the 
electric  powers  do  not  exifl  in  the  electrics 
themfelves,  but  are  produced  from  the  earth  by 
the  excitation  of  electrics  ;  or,  that  the  electric 
matter  on  the  prime  condudor  is  not  produced 
by  the  friction  of  the  cylinder  againft  the 
culhion,  but  is  collected  by  that  operation  from 
it,  and  from  thofe  bodies  which  are  connected 
with  it. 

As  Dr.  Franklin  feerns  to  have  fuggefted  this 
idea  fir  ft,  that  the  electric  fluid  is  collected 

from 
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from  the  earth,  I  have  fubjoined  his  own  ac- 
count  of  the  experiment  which  led  him  to  thia 
conclufioiii 

Experiment  XII. 

Let  one  perfon  ftand  on  wax  and  rub  a  glafs 
tube,  and  let  another  perfon  on  wax  take  the 
fire  from  the  firft,  they  will  both  of  them  (pro- 
vided they  do  not  ftand  fo  near  as  to  touch 
each  other)  appear  to  be  electrified  to  a  perfon 
ftanding  on  the  floor  ;  that  is,  he  will  perceive 
a  fpark  on  approaching  either  of  them  with  his 
knuckle*  2.  But  if  the  perfons  on  wax  touch 
one  another  during  the  excitation  of  the  tube, 
neither  of  them  will  appear  to  be  electrified* 
3.  If  they  touch  one  another  after  the  exciting 
the  tube,  and  draw  the  fire  as  aforefaid,  there 
■Will  be  a  ftronger  fpark  between  them  than  was 
/between  either  of  them,  and  the  perfon  on  the 
floor.  4.  After  fuch  a  ftrorig  fpark  neither  of 
them  difcover  any  electricity* 

Thefe  appearances  he  accounts  for  thus  ;  he 
fuppofes  the  electric  fire  is  a  common  element, 
of  which  each  of  the  three  perfons  has  his 
equal  fhare  before  any  operation  is  begun  with 
the  tube.  A,  who  Hands  upon  wax  and  rubs 
the  tube,  collects  the  electrical  fire  from  him- 
felf  into  the  glafs,  and  his  communication  with 
the  common  flock  being  cut  off  by  the  wax, 

his 
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his  bocly  is  not  again  immediately  fupplied.  B, 
who  alfo  ftands  upon  wax,  pairing  his  knuckle 
along  the  tube,  receives  the  fire  which  was  col- 
lected from  A,  and  being  infulated  he  retains 
this  additional  quantity.  To  C  both  appear 
electrified  ;  for  he,  having  only  the  middle 
quantity  of  electrical  fire,  receives  a  fpark  on 
approaching  B,  who  has  an  over  quantity,  but 
gives  one  to  A,  who  has  an  under  quantity. 
If  A  and  B  approach  to  touch  each  other,  the 
fpark  is  flronger,  becaufe  the  difference  between 
them  is  greater.  After  this  touch  there  is  no 
fpark  between  either  of  them  and  C,  becaufe  the 
electrical  fluid  in  all  is  reduced  to  the  original 
equality.  If  they  touch  while  electrifying  the 
equality  is  never  deftroyed,  the  fire  is  only 
circulating  :  hence  we  fay,  that  B  is  electrified 
positively,  A  negatively. 

A  defcripiicn  of  fome  parts  of  the  electrical 
apparatus^  which  could  not  be  regidarly. 
introduced  in  the  body  of  the  work. 

Fig.  r,  Plate  II,  reprefenta  a  common  dis- 
charging rod  ;  it  is  generally  made  of  brafs 
wire,  with  a  ball  at  each  of  its-  ends.  To  dis- 
charge a  leaden  bottle  with  it,  hold  the  femi- 
circular  part  in  the  hand,  place  one  ball  of 
the   difcharging  rod-  on  the  coating  of  the 
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phial,  then  bring  the  other  to  touch  the  knob  of* 
the  wire  which  communicates  with  the  infide, 
"when  ah  explofion  will  enfue,  and  the  phial  will 
be  difcharged. 

Fig.  2,  Plate  II,  is  a  jointed  difcharging  rod 
with  a  glafs  handle,  the  legs  of  which  may  be 
moved  and  fet  to  any  given  diftance  from  each 
other  by  means  of  the  joint  C  ;  the  extremities 
of  the  legs  are  pointed,  the  points  enter  into 
the  balls  a  b,  which  fcrew  on  the  legs,  and 
from  which  they  may  be  unferewed  at  plea- 
fure  ;  fo  that  either  the  balls  or  the  points  may 
beufed  asoccafion  requires. 

Fig.  3,  Plate  II,  reprefents  the  universal 
difcharger  ;  an  inftrument  which  is  of  very  ex- 
tenfive  ufe  in  forming  communications  to  di- 
rect or  convey^  the  eleclric  fhock  through  any 
part  of  a  given  fubflance.  Many  examples  of 
the  utility  of  this  inftrument  Will  occur  in  the 
courfe  of  this  effay.  When  the  univerfal  dif- 
charger is  made  on  a  large  feale,  it  is  fuperior 
to  any  apparatus  hitherto  contrived  to  enable  a 
perfon  to  electrify  himfelf.  AB,  fig.  3,  ph  II, 
is  the  wooden  bafe  of  this  inftrument ;  on  this 
are  fixed  two  perpendicular  glafs  pillars  c  d, 
on  the  top  of  each  of  thefe  is  cemented  a  brafs 
cap,  to  which  is  fitted  a  double  joint,  or  one 
which  has  both  a  vertical  and  horizontal  mo- 
jion  ;  on  the  top  of  each  joint  is  a  fpring  tube, 

which 
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whitfh  receive  the  wires,  E T,  EF;  thefe  wires 
may  be  fet  at  various  diftances  from  each  other, 
and  turned  in  any  direction ;  the  extremities  of 
the  wires  are  pointed,  the  points  are  covered 
Occafionally  by  the  brafs  balls,  which  are  made 
to  fit  dn  the  wires  by  fpring  fockets.  G  H  is  a 
fmall  wooden  table,  on  the  furface  of  which  a 
Hip  of  ivory  is  inlaid  :  this  table  is  furnilhed 
with  a  cylindrical  ftem,  which  fits  into  a  cavity 
of  the  pillar  I ;  it  may  be  raifed  occafionally  to 
various  heights,  and  fixed  at  any  one  of  them 
by  the  fcrew  K. 

Fig.  4,  Plate  II,  is  a  little  wooden  prefs,  fur- 
nifhed  with  a  ftem,  which  fits  the  cavity  in  the 
pillar  I,  Fig.  3,  into  which  it  is  to  be  placed 
occafionally,  when  the  table  GH  is  removed. 
The  prefs  confifts  of  two  boards,  which  are 
brought  clofe  to  each  other  by  means  of  the 
fcrews  a  a. 

Fig.  5,  Plate  II,  is  Mr.  Kinnerily's  electri- 
cal air  thermometer  ;  a  b  is  a  glafs  tube,  011  * 
each  end  of  which  a  brafs  cap  is  cemented  ;  c  d 
is  a  fmall  glafs  tube,  open  at  both  ends,  which 
pafTes  through  the  upper,  and  defcends  nea^lv 
to  the  under  plate  ;  a  box  fcale,  which  is  dU 
vided  into  inches  and  tenths  of  inches,  is  fitted 
to  the  upper  part  of  this  tube  ;  g  is  a  brafs 
wire  with  a  ball  on  it,  which  is  fcrewed  to  the 
under  plate,  a  fimilar  wire  is  made  to  pais 
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through  a  collar  of  leathers  on  the  upper  plate; 
and  may  be  placed  at  ariy  convenient  diftance 
from  the  lower  wire. 

Electricians  have  long  wifhed  for  an  inftru- 
ment  which  would  afcertain;  in  an  exact  and 
invariable  manner,  the  degree  of  electricity 
excited  when  any  experiment  is  ma.dcj  For  this 
purpofe  a  great  many  contrivances  have  been 
propofed  and  executed,  which,  upon  trial,  are 
all  found  to  be  very  defectivei 

Mr*  Achard,  who  has  confidefed  the  fub- 
ject  with  attentidn,  fays,  that  an  electrometer 
ought  to  have  the  follow iiig  properties  : 

i«  That  it  mould  be  fimple  in  its  conftruc- 
tion,  and  not  compofed  of  many  parts i 

ii  It  mould  not  be  affected  by  the  variations 
of  the  atmofphere.' 

3.  That  it  mould  indicate  fmall  as  well  as 
large  degrees  of  electricity. 

4.  Not  be  adjufted  to  any  fixed  meafure. 

5.  The  electric  power  mould  be  expreffed 
by  a  fixed  and  invariable  force,  as  that  of  gra- 
vity. 

6.  That  the  obferver  be  enabled  to  read  off 
the  divifions  at  a  diftance,  which  will  prevent 
his  weakening  'the  influence  of  the  electric 
powers. ' 

This  gentleman  has  publifhcd  a  very  ingenious 
paper  on  the  nature  and  properties  of  electrome- 
ters. 
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ters,  which  I  meant  to  have  introduced  in  this  place 
If  I  had  not  been  informed  that  he  had  made  ftill 
further  improvements  on  the  mbject  which  he 
iiefigned  to  communicate  to  the  public. 

Plate  II,  Fig.  6,  feprefents  the  quadrant 
electrometer,  the  moft  ufeful  inltrument  of  the 
kind  yet  crifcoVered,   as  well   for  meafuring 
the  degree  of  electricity  of  any  body,  as  to  as- 
certain the  quantity  of  a  charge  before  an  ex- 
plofion  ;  and  to  difcover  the  exact  time  the 
electricity  of  a  jar  changes,   when,  without 
making  an  explofion,  it  is  difcharged  by  giving 
it  a  quantity  of  the  contrary  electricity:  The 
pillar  L  M  is  generally  made  of  wood,  the 
graduated  arch  N  O  P  of  ivbrv,  the  rod  R  S 
is  made  of  very  light  wood,  with  a  pith  ball 
at  the  extremity  ;  it  turns  upon  the  center  of 
the  femicircle,  fo  as  always  to  keep  near  its 
furface ;  the  extremity  of  the  Item  L  M  may 
either  be  fitted  to  the  conductor  or  the  knob  of 
a  jar.    When  the  apparatus  is  electrified,  the 
rod  is  repelled  by  the  flem,  and  moves  along 
the  graduated  arch  of  the  femicircle,  fo  as  to 
mark  the  degree  to  which  the  conductor  is  elec- 
trified, or  the  height  to  which  the  charge  of 
the  jar  is  advanced. 

Beccaria  recommends  fixing  the  index  be- 
tween two  femicircles,  beeapfe  when  it  is 
placed  over  one  only,  the  electricity  of  this  re- 
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pels  and  counteracts  the  motion  of  the  mdexi 
Other  improvements  and  variations  have  been 
made  in  this  inftrument,  which  will  be  de- 
fcribed  hereafter* 

Plate  Ilj  Figj  9,  is  an  electrometer  which  was 
contrived  many  years  fince  by  Mr.  Townfend, 
to  afcertain  the  real  force  of  the  electric  explo- 
fiom  a  b  is  a  fmall  ivory  plate;  C  a  loofe  cone 
of  ivory  to  be  placed  on  the  plate  ab,  efg  a 
circle  which  turns  freely  on  two  centers,  an  arm, 
d,  of  wood  proceeds  from  this  circle  and  lyes 
on  the  cone  of  ivory.  The  difcharge  is  made 
to  pafs  under  the  cone  which  throws  up  the  arm 
d,  the  elevation  of  which  is  marked  by  the 
index  h  ;  a  piece  of  (ilk  firing  is  fixed  at  one 
end  to  the  bottom  board  at  i,  and  paries 
over  the  wheel,  a  weight  k  is  tied  to  the  other 
end  to  regulate  the  friction  of  the  circle  efg. 

Fig.  8  is  an  infulating  flool  ;  the  feet  are  of 
glafs.  When  it  is  ufed,  the  infulation  will  be 
rendered  more  perfect  by  placing  a  fheet  of  pa-? 
per  well  dried  under  the  feet  of  the  ftool.- 
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CHAP.  III. 

The  Properties  of  Eletfric  Attraction  and 
RepuIJion,  illujirated  by  Experiments  on 
light  Bodies. 

N./VTUR.A£,  philofophers  were  originally 
incited  to  confider  the  nature  of  electri- 
city from  its  ftrong  attractive  and  repullive 
powers.  The  phcenomena  exhibited,  by  thofe 
myfterious  properties  are  fo  various  and  fo 
pleafing,  that  they  were  led,  as  by  enchant 
ment,  to  purfue  the  fubjecl ;  and  have  been 
richly  rewarded  by  the  difcoveries,  which  are 
both  intcrefting  and  important. 

The  powers  of  Genius  have  been  exerted 
\vith  induftrious  ardour  to  investigate  thecaufes 
of  thofe  properties  ;  but,  we  are  forr'y  to  own, 
they  ftill  remain  involved  in  deep  obfcurity, 
and  we  are  ftill  totally  ignorant  of  that 
mechanifm  by  which  light  bodies,  when  elec- 
trified, approach  or  recede  from  each  other. 

To  enter  into  a  difcuffion  of  the  difficulties 
which  perplex  this  fubject,  would  lead  me  too 
far  from  the  defign  of  this  efTay  ;  I  fhall,  there- 
fore, proceed  to  ftate  thofe  general  properties, 
or  modes,  of  action  which  are  obferved  in  elec- 
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trie  attraction  and  repulfion,  and  then  defcribe 
the  experiments  from  which  thofe  properties 
have  been  deduced,  or  by  which  they  are 
ill.uftrated. 

General  Properties  of  Ekflrical  Attraction 
and  Repulfion. 

1.  The  electric  fluid,  when  in  action,  dif- 
pofes  or  places  light  bodies  in  fuch  manner  as 
will  beft  facilitate  its  tranfmiffion  through  them, 
with  the  greateft  velocity  ;  and  this  in  propor- 
tion to  the  gravity  of  the  body,  its  conducting 
power,  and  the  ftate  of  the  air. 

2.  Bodies  that  are  electrified  pofifively  repel 
each  other. 

3.  Bodies  ele.ctrified  negatively  repel  each 
other. 

4.  Bodies  electrified  by  contrary  powers  at- 
tract each  other  ftrongly. 

5.  Bodies  that  are  electrified,  attract  thofe 
fubitances  which  are  not  electrified. 

6.  Thofe  fubftances  that  are  brought  within 
the  influence  of  electrified  bodies,  become  pof- 
fefTed  of  a  contrary  electricity  ;  or,  electrified 
fubftances,  without  parting  with  their  own 
electricity,  act  upon  other  bodies  in  their  neigh- 
bourhood, producing  in  them  an  electricity 
which  is  contrary  to  their  own  ;  or,  bodies 

which 
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which,  are  immerged  in  an  electric  atmofphere, 
always  become  poffeffed  of  a  contrary  electricity 
ro  that  of  the  body  in  whofe  atmofphere  they 
are  immerged. 

Experiment  XIII. 

Fix  the  end  A  of  the  wire  A  B,  Fig.  10, 
an  the  fmall  hole  which  is  at  the  end  of  the 
prime  conductor  ;  turn  the  cylinder,  and  the  fea- 
thers, which  are  connected,  with  the  wire  by 
linen  threads,  wj.ll  feparate  from  each  other; 
the  fibrous  and  downy  parts  will  become  tur- 
gid, and  expand  in  a  pleafing  manner,  in  a 
variety  of  directions. 

Prefent*  a  metallic  point,  the  finger,  or  any 
.other  conducting  fubftance  to  the  feathers,  the 
downy  parts  thereof  will  immediately  collapfc, 
the  divergence  of  the  feathers  will  ceafe,  and 
they  will  approach  each  other,  and  cling 
round  the  non-electric  body. 

The  feathers  feparate  from  each  other,  and 
tend  towards  unelectrified  bodies,  from  the 
effort  made  by  the  electricity  which  is  commu- 
nicated to  them  to  diffufe  itfelf,  and  the  refin- 
ance, it  meets  with  from  the  air. 


D  4  Ex- 


* 


4o 


AN  ESSAY 


Experiment  XIV. 

Fix  the  end  C  of  the  wire  CD,  fig.  i  r,  into 
the  hole  at  the  end  of  the  conductor,  put  the 
machine  in  action,  and  the  two  fmall  balls  ct| 
will  recede  from  each  other.  Bring  a  conduct- 
ing fubftance  within  jthe  fphere  of  their  action, 
and  they  wili  %  towards  it ;  touch  the  con- 
ductor with  a  non-electric,  and  they  will  imme- 
diately come  together.  ' 

The  balls  do  not  always  diverge  fo  much  as 
might  be  expected  from  the  action  of  their  at- 
mofphere,  becaufe  they  are  influenced  by  tjhat 
of  the  conductor. 

The  balls,  or  feathers,  will  feparate,  &c.  in 
the  fame  manner,'  if  they  are  annexed  to  a  ne- 
gative conductor. 

Experiment  XV. 

4 

Prefent  a  fine  thread  towards  an  electrified 
conductor  ;  when  it  is  at  a  proper  diftance  it  will 
fly  towards  and  flick  to  the  conductor,  and 
convey  the  electric  fluid  from  it  to  the  hand  ; 
remove  the  thread  to  a  fmall  diftance  from  the 
conductor,  and  it  will  fly  backwards  and  fur- 
wards  with  great  velocity,  and  in  a  very  pleaf- 
ing  manner  ;  prefent  the  fame  thread  towards 
pne  that  hangs  from  the  conductor,  they  wil| 
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attract  and  join  each  other.  Bring  a  non- 
electric body,  as  abrafs  ball,  near  thefe  threads, 
the  ball  will  repel  that  held  by  the  hand,  and 
attract  that  which  is  affixed  to  the  conductor : 
jhe  upper  thread  renders  the  brafs  ball  nega- 
tive, and  therefore  goes  towards  it ;  while  the 
under  thread,  which  is  alfo  negative,  is  re- 
pelled. Let  the  ball  be  brought  near  to  the 
lower  part  of  the  under  one,  and  it  will  be 
-attracted  by  it.  The  junction  of  the  threads 
arifes  from  the  effort  the  electric  fluid  makes 
co  diffufe  itfelf  through  them. 


Experiment  XVI. 

To  the  edge  of  the  brafs  hoop  bed,  fig.  i2? 
are  fattened,  at  equal  diftances  from  each 
other,  fix  Or  feven  pieces  of  thread,  about 
four  inches  long  ;  a  wire  proceeds  from  the 
hoop  which  fits  into  a  cavity  in  the  pillar 
D  ;  ze,  is  a  brafs  wire,  to  one  end  of 
which  are  fattened  feveral  fmall  pieces  of 
thread  ;  fit  the  plain  end  of  the  wire  into  the 
hole  at  the  end  of  the  conductor,  place  the 
hoop  b  c  d  at  right  angles  to  the  wire  z  c,  and 
diredUy  over  the  threads  at  the  end  z  ;  turn 
the  cylinder,  and  the  threads  tied  to  the  hoop 
will  be  attracted  by  thofe  which  are  faflened 
to  the  wire  z  e,  and  will  point  towards  each 
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other  as  fo  many  radii  of  a  circle.  The  elec- 
tric fluid,  paffes  from  the  threads  of  the  wire 
jnto  thofe  of  the  hoop,  and  thus  occafions  the 
feeming  attraction  between  them. 

Place  the  hoop  bed  on  an  infulating  (land, 
and  when  it  is  faturated  with  the  electric  mat- 
ter, the  threads  which  are  tied  to  it  will  be 
repelled  by  thofe  of  the  wire  ;  touch  the  hoop, 
and  they  will  be  again  attracted.  If  the. hand 
is  brought  near  the  threads,  they  will  quit 
their  central  direction  and  move  towards  it. 
The  ends  of  the  threads  appear  luminous  in 
the  dark. 

Ep|MM,ENT  xvir. 

Sufpend  the  fmall  metal  plate  F,  fig.  13, 
to  the  conductor  by  the  hook  H  ;  place  the 
ftand  I  directly  under  it,  and  the  large 
plate  G  on  the  top  of  the  ftand  ;  the  upper 
part  of  the  ftand  I  is  moveable,  fo  that  the 
diftance  of  the  two  plates  from  each  other, 
may  be  occafionally  varied.  Lay  fmall  paper 
images,  or  any  other  light  fubftances,  on  the 
under  plate,  then  put  the  machine  in  action, 
and  the  light  bodies  will  be  attracted  and 
repelled  by  each  plate,  and  move  from 
one  plate  to  the  other  with  confiderable  ve- 
locity. 

The 
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The  light  bodies  placed  on  the  under  plate 
become  poffeffed  of  an  electricity  which  is 
contrary  to  that  of  the  upper  plate,  and  ars 
^therefore  attracted  by  it,  and  acquire  the  fame 
electricity  with  it  ;  they  are  then  repelled,  and 
part  with  this  electricity  to  the  ftand,  and  are 
again  in  a  proper  Hate  to  be  attracted  by  the 
upper  plate.  That  thefe  bodies  cannot  be  at- 
tracted by  the  upper  plate  till  they  have  ac-f 
quired  a  power  contrary  to  it,  or  till  the  equili- 
brium of  the  fluid  in  them  is  difturbed,  will  be 
^vident  from  the  following  experiment. 

Experiment  XVIIL 

Remove  the  under  plate  and  ftand,  hold 
in  its  ftcad,  by  one  corner,  a  pane  of  glafs, 
which  has  previoufly  been  made  very  clean 
and  dry  ;  now,  as  glafs  does  not  tranfmit 
-electricity,  no  contrariety  in  the  electric  ftates 
pf  the  conductor  and  the  light  fubftances  can 
be  occafioned,  and  therefore  no  attraction  or 
repulfion  is  obferved. 

If  a  finger  is  prefented  to  the  under  fide  of 
the  glafs  plate,  the  light  bodies  will  be  at- 
tracted and  repelled ;  the  caufe  of  this  will 
be  feen  when  the  nature  of  the  I^eyden  phial  is 
explained, 

Mr. 
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Mr.  Eeles,*  fpeaking  of  this  alternate  at- 
traction and  rcpulfion,  fays,  they  may  be 
agreeably  varied,  by  wetting  firft  the  head  of 
the  paper  images,  and  when  thefe  are  dry,  wet- 
ting the  feet. 

*c  When  you  dry  the  head  of  one  of  thofe 
images,  the  power  thrown  out  from  the  con- 
"  ductor  cannot  enter  the  image  with  the  fame 
u  facility  with  which  the  contrary  power  from 
v  the  table  enters  at  the  feet,  which  are  not  fo 
t::  dry  ;  this  will  therefore  afcend  to  the  upper 
"  plate  and  remain  there.  Reverfe  the  experi- 
"  ment,  dry  the  feet  and  wet  the  head,  and 
"  the  images  will  fix  themfelves  to  the  lower. 
"  plate.  If  the  image  retains  fo  much  more  of 
<(  the  attracted  power  as  will  balance  againffc  its 
H  weight,  than  there  is  of  the  contrary  power. 

which  proceeds  from  the  conductor,  the 
<4  image  will  be  fufpended  between  the  two 
«  plates." 

«  This  may  be  effected  by  niaking  the  head 
Ci  of  the  image  broad  and  round,  which  does 
"  not  admit  the  power  coming  out  fo  readily 
ff  as  the  feet,  being  fharp,  admit  the  power 
"  g°^ng  *n  '•>  a  minute  alteration  will  make  the. 
u  images  dance  or  remain  fixed  to  one  of  the 
"  plates." 

Ex- 

*  Philofophical  EflTays.  Preface,  page  25. 
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Experiment  XIX. 

Place  a  fquare  piece  of  leaf  brafs  or  filver  on 
the  under  plate,  hold  this  parallel  to  the  upper 
one,  at  about  five  or  fix  inches  from  it,  turn 
the  machine,  and  the  leaf  will  then  rife  up 
into  a  vertical  fituation,  and  remain  between 
the  two  plates  without  touching  either  of  them. 
Prefent  a  metal  point  towards  the  leaf,  and  ii 
will  immediately  fall  down. 

Experiment  XX. 

Place  a  brafs  ball  at  K,  fig.  14,  at  the  end 
of  the  conductor,  and  when  the  leaf  of  brafs  is 
fufpended  between  the  plate  and  ball,  move 
the  plate  round  the  ball,  and  the  leaf  will  alibi 
move  round  without  touching  either  ball  or 
plate. 

A  glafs  cylinder  is  occafionally  placed  be- 
tween the  two  metal  plates  F  G,  fig.  1 3, 
to  prevent  bran,  fand,  or  other  light  fub- 
ftances  being  thrown  off* 

Experiment  XXI. 

Place  two  wires  directly  under,  and  parallel 
to,  each  other,  fufpend  one " from  the  con- 
ductor, let  the  other  communicate  with  the 
table  t  a  light  image  placed  between  thefe  wili, 

when 
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when  the  conductor  is  electrified,  appear  like  a 
kind  of  electrical  rope-dancer.  See  fig.  15, 

EXPERIMENT  XXII. 

Cut  a  piece  of  leaf  brafs,  with  an  obtule 
angle  at  one  end^  and  a  very  acute  one  at  the 
other,  prefent  the  large  end  towards  an  electri- 
fied conductor,  and  when  the  leaf  brafs  is 
within  its  atmofphere  let  it  go,  it  will  then  fix 
itfelf  to  the  conductor  by  the  apex  of  its  obtufe 
angle,  and,  from  its  continual  wavering  mo- 
tion, will  appear  to  be  animated. 

The  next  experiment  requires  confiderable 
attentidn  to  make  it  fucceed  ;  as  a  fmall  differ- 
ence in  the  apparatus^  or  in  the  force  of  the 
machine,  &c.  will  make  it  fail  ;  when  it  an- 
fwers,  it  generally  affords  pleafure  to,  and  ex- 
cites admiration  in  the  fpectators. 

Experiment  XXUt. 

Fix  the  ring  NOP,  fig.:  1 6,  to  the  end  of 
the  conductor,  place  the  plate  G,  fig.  13,  on  its' 
Hand  I  under  it;  and  at  a  little  d'utanee  from  ity 
put  a  very  light  hollow  glafs  ball  upon  the 
plate  but  within  the  ring,  turn  the  cylinder; 
and  the  little  ball  will  defcribe  an  orbit  about 
the  ring,  and  turn  at  the  fame  time  about  its 

owni 
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Own  axis  ;  the  poles  of  its  rotation  are  neatly 
at  right  angles  to  the  plane  tif  its  orbiti 

EXPERIMENT  XXIV. 

Fig.  17  reprefents  a  fmall  fet  of  bells,  the 
two  exterior  ones  are  connected  to  the  wire  V  Y 
by  a  brafs  chain,  the  middle  bell  arid  the  clap- 
pers are  fufpended  ori  filkl 

Hang  the  bells  on  the  conductor  by  the  hook 
R  S,  let  the  chain  from  the  middle  bell  touch 
the  table^  turn  the  cylinder,  and  the  clappers 
will  fly  continually  from  bell  to  bell  as  long  as 
the  electricity  continues. 

The  brafs  chain,  which  connects  the  two  ex- 
terior bells  to  the  conductor,  conveys  the  elec- 
tric fluid  to  them,  which  attracts  the  clappers  ; 
thefe,  when  they  have  received  the  electric 
fluidj  are  repelled  by  the  exterior  bell,  and  At- 
tracted by  the  middle  one,  on  which  they  dc- 
pofit  their  electricity  ;  they  are  then  again  at- 
tracted and  repelled  by  the  outer  bells.  Hold 
up,  by  a  filk  thread,  the  chain  X,  which  pro- 
ceeds from  the  middle  bell,  and  the  ringing  will 
ceafe,  becaufe  it  cannot  convey  the  electric 
fluid  communicated  by  the  clappers  to  the 
ground. 

Fig.  18  reprefents  a  more  elegant  form  of 
mounting  the  bells;    When  this  is  ufed,  the 

knob 
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knob  a,  fhould  communicate  with  the  co» 
dudtor. 

Fig.  jg  rcprefents  another  kind.  In  this- 
the  clapper  is  fufpended  from  the  fly  bed,  the 
axis  of  the  fly  rcfts  in  a  fmall  hole  on  the  top 
of  the  glafs  pillar  e  f,  the  upper  part  of  the 
axis  moves  freely  in,  and  is  fupported  by,  a' 
hole  in  the  brafs  piece  g.  Bells  of  different 
tones  are  placed  round  the  board  h  I  K.'  Re- 
move the  prime  conductor,  and  place  this  appa- 
ratus in  its  ftead  near  the  cylinder,  when  this  is 
m  action,  it  will"  caufe  the  fly  to  turn  round,  the 
clapper  will  flrike  each  bell'  in  rotation,  and' 
thus  produce  a  plcafing  and  harmonious  found. 

Experiment  XXV. 

'  -  ■ 

Take  I  o  or  12  pieces  of  thread,  each  about 

ten  inches  long-,  tie  them  together  at  the  top 

and  the  bottom,   as  in  fig.  20,  then  fufpend 

them  from  the  conductor  ;  the  threads,  when 

electrified,-  endeavour  to  recede  from  each  other, 

and  the  knot  at  the  bottom  rifing  upwards  as 

the  repulfion  of  the  thread  increafes,  will  forni 

them  into  a  fpheroidal  figure. 

Experiment  XXVI. 

Bring  a  downy  feather  or  lock  of  cotton  near 
the  end  of  an  excited  tube,  or  the  knob  of  a: 

charged 
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charged  Leyden  phial,  the  feather  will  at  firft 
fly  renvards  the  tube,  but  when  it  is  faturated 
with  the  electric  matter,  it  will  recede  from  it, 
and  may  be  driven  about  the  room  by  the  ex^- 
cited  tube  till  it  touches  fome  non-conductor 
to  which  it  can  impart  its  electricity.  The 
fame  fide  of  the  feather  is  always  turned  to- 
wards the  tube  ;  becaufe,  the  electricity  ac- 
quired by  the,  feather,  is  forced  by  the  action  of 
the  tube  to  that  fide  which  is  fartheft  from  it, 
which  is  therefore  repelled. 

It  is  eafy  to  perceive,  from  this  and  the  fore- 
going experiments,  that  it  is  not  the  mere  mat- 
ter which  is  attracted,  but  that  the  different 
phecnomena  are  occafioned  by  the  ftate  of  the 
electric-  fluid,  in  thofe  fubftances  which  are 
influenced  by  the  machine. 


Experiment  XXVlL 

Put  a  pointed  wire  into  one  of  the  holes 
,vhich  are  at  the  end  of  the  conductor,  hold  a  glafs 
:umbler  over  the  point,  then  electrify  the  con- 
ductor, and  turn  the  tumbler  round,  that  the 
whole  interior  furface  may  receive  the  fluid 
Prom  the  point,  place  a  few  pith  balls  on  the 
:able,  and  cover  them  with  this  glafs  tumbler, 
:he  balls  will  immediately  begin  to  leap  up  and 

E  down 
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down  as  if  they  were  animated,  and  will  con-' 
tinue  to  move  for  a  long  time. — Sec  fig.  11. 

This  experiment  may  be  agreeably  varied 
with  two  tumblers.  Electrify  the  infide  of  one 
pofitively,  of  the  other  negatively  ;  put  the 
balls  in  one  tumbler,  and  then  bring  the  mouths 
of  both  in  contact,  the  balls  will  pafs  from  one 
to  the  other,  till  the  contrariety  between  them 
is  deftroyed. 

An  electric  fubftanCe  contained  between  pa- 
rallel furfaces,  however  difpofed,  is  called  an 
electric  plate. 

Experiment  XXVIII. 

Electrified  fubftances  will  attract  thofe  which 
are  not  electrified,  although  a  thin  electric  plate 
be  interpofed  between  them. 

Experiment  XXIX. 

Bodies  electrified  with  contrary  powers  at- 
tract each  other  ftrongly,  although  an  electric 
plate  is  interpofed  between  them*- 


CHAP. 
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CHAP.  IV. 

AttraBion  and  Repulfion  conjidered,  relative 
to  the  two  Jiates  of  EleBricky, 

TH  E  experiments  defcribed  in  this  chapter 
are  fimple,  ealily  performed,  and  certain 
in  their  remits  ;  and,  though  they  may  at  firft 
fight  appear  to  be  trifling,  yet,  on  an  attentive 
examination,  they  will  be  found  of  confiderable 
importance,  as  they  afford  a  clue  to  inveftigate 
and  explain  a  variety  of  electric  phcenomenay 
and  exhibit^  in  a  ftfong  point  of  view,  fome  of 
the  contrary  effects  of  negative  arid  pofitive 
electricity. 

Thcfe  experiments  may  all  be  made  with  a" 
frriaii  and  portable  apparatus  ;  confuting  gene- 
rally of  two  brafs  tubes,  as  A  and  B,:  fig.  22> 
each  of  thefe  is  fupported  on  a  glafs  pillar  G, 
which  fcrews  into  a  wooden  foot  H,  a  pair  of 
final!  pith  balls  fufpended  on  linen  threads,  as; 
I,  K,  fit  upon  each  tube  by  means  of  a  final! 
brafs  ring  ;  thefe  rubes',  with  a  piece  of  fealing- 
wax  or  a  glafs  tube,  are  fumcient  to'  illuftrate 
the  greater  part  of  the  experiments  in  this1 
chapter,  as  well  as  fome  of  the  principal  phe- 
nomena in  electricity. 

E  2  The 
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The  apparatus  will  be  rendered  more  com- 
plete by  the  addition  of  two  more  brafs  tubes 
with  their  Hands,  a  fmall  Leyden  phial,  and 
a  piece  of  varnifhed  filk. 

Mr.  Wilfon,  in  a  mafterly  traft  on  this  fubje<5t, 
entitled,  "  A  lliort  View  of  Electricity,"  has, 
with  a  fimilar  apparatus,  explained  and  il- 
luftrated  all  its  general  principles. 

EXPER  IMINT  XXX. 

Touch  a  pair  of  infulated  pith  balls  with  art 
excited  glafs  tube,  they  will  become  electrified, 
and  will  feparate  from  each  other  ;  the  balls  are 
electrified  pofitively,  and  are  therefore  attract- 
ed by  excited  wax,  and  repelled  by  excited 
glafs. 

Experiment  XXXI. 

Hold  an  excited  glafs  tube  over  one  of  the 
brafs  tubes,  but  at  fome  diftance  from  it,  part 
of  the  natural  quantity  of  electricity  contained 
in  the  brafs  tube  will  be  driven  into  the  pith 
balls  that  are  annexed  to  it,  by  the  excited  glafs, 
the  balls  will  diverge  with  pofitive  electricity  ; 
remove  the  excited  glafs,  the  balls  will  then 
return  to  their  natural  ftate  and  clofe. 

JLx- 
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Experiment  XXXII. 

Electrify  the  pith  balls  that  are  fufpended 
from  the  brafs  tube  A,  fig.  27,  then  bring  the 
end  of  this  tube  in  contact  with  the  end  of  the 
tube  B,  the  balls  of  which  are  un-electrified  ; 
the  flock  of  electricity  given  to  the  tube  A  will  be 
equally  divided  between  each  pair  of  balls, 
thofe  of  the  tube  B  will  open,  and  thofe  of  A 
will  clofe  a  little. 

Experiment  XXXIII. 

Electrify  the  tubes  A  and  B,  fig.  27,  equally 
and  with  the  fame  power,  put  the  ends  of  the 
tubes  together,  and  the  divergence  of  the  balls 
will  not  be  altered. 

Experiment  XXXIV. 

Electrify  the  tubc%  equally,  but  with  the  dif- 
ferent powers,  one  with  glafs,  the  other  with 
wax,  bring  the  ends  of  the  tubes  in  contact, 
and  the  balls  will  clofe. 

We  learn  from  thefe  experiments,  that  the 
pofitive  and  negative  powers  counteract  each 
other  ;  whence,  if  both  are  applied  at  the  fame 
time  to  any  body,  the  electricity  it  acquires  will 
be  only  the  difference  of  the  two,  and  confc- 
quently  that  of  the  ftrongefU 

E  3  Ex- 
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Experiment  XXXV. 

Hold  an  excited  glafs  tube  to  one  of  the  brafs 
tubes,  touching  this  tube  at  the  fame  time  with 
your  finger,  part  of  the  natural  quantity  of  the 
electrical  fluid  refident  in  it  will  be  forced  by 
the  excited  glafs  tube  into  the  finger,  remove 
at  the  fame  inftant  the  finger  and  glafs,  and  the 
balls  will  remain  negatively  electrified. 

Experiment  XXXVI. 

Place  the  brafs  tubes,  A  and  B,  fig.  22,  in 
a  {trait  line  with  their  ends  in  contact,  hold  the 
excited  glafs  over  the  tube  A,  part  of  the  elec- 
tric fluid  naturally  relident  in  this  will  be  driven 
into  B ;  feparate  the  tubes,  the  balls  of  A  will  be 
negative,  and  thofe  of  B  will  be  in  a  pofitive 
ftate. 

Experiment  XXXVII. 

Infulate  a  long  metallic  rod,  fufpend  a  pair 
of  pith  balls  from  each  end  of  it,  place  one  of 
the  ends  at  about  two  inches  from  the  prime 
conductor,  the  other  end  as  far  from  it  as  poffi- 
ble,  electrify  the  conductor,  and  the  electric 
fluid  in  the  rod  will  be  driven  to  that  end  which 
js  fur  theft  from  the  conductor  ;  fo  that  one  end 

will 


ON    ELECTRICITY.  55 

will  be  electrified  negatively,  the  other  end 
pofitively,  as  will  be  feen  by  the  balls. 

Experiment  XXXVIII. 

Apply  a  Hick  of  excited  wax  to  the  tube  D, 
fig.  23,  as  at  A,  while  it  remains  there  the 
balls  open  with  negative  electricity  ;  raife  the 
wax,  as  at  B,  and  the  balls  will  clofe  ;  raife  it 
{till  higher,  and  they  will  open  with  pofitive 
electricity,. 

Experiment  XXXIX. 

Excited  glafs  held  over  the  middle  of  the 
tube  A,  fig.  24,  forces  fome  part  of>the  natural 
quantity  of  electricity  of  A  into  the  balls,  and 
fome  part  out  at  the  two  ends  into  the  air. 
During  this  experiment,  the  balls  of  A  are  re- 
pelled by  glafs,  and  are  therefore  in  a  pofitive 
ftate ;  but,  after  the  excited  glafs  is  removed, 
they  in  a  very  little  time  change  to  a  negative 
(late,  becaufe  part  of  the  natural  quantity  had 
efcaped  from  the  pointed  ends  into  the  air, 
while  the  glafs  was  held  over  the  tube ;  but, 
when  the  glafs  is  removed,  the  over-charge  in 
the  balls  will  of  courfe  return,  and  diffufe  itfelf 
equally  in  the  tube,  but  as  this  is  not  fufficient 
to  balance  the  lofs  fuftained,  the  tube,  thread, 
arid  balls  muft  be  in  a  negative  ftate.  * 

E  4  E  x- 

*  Wilfon's  Short  View  of  Ele&ricity,   p.  7, 
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Experiment  XL. 

Place  three  tubes,  A,  B,  C,  fig.  25,  in  a 
line  near  to,  or  in  contact  with,  each  other  ; 
excited  glafs  held  over  A  forces  out  part  of  the 
-  natural  quantity  of  fluid  contained  in  A  into 
B  and  C ;  fcparate  A  from  B  and  C,  A  will  be 
electrified  negatively,  B  and  C  will  be  in  a  pofi- 
tlve  ftate.  Put  the  three  tubes  into  their  former 
fituation,  the  equilibrium  will  be  reftored,  and 
the  balls  will  collapfe.* 

Experiment  XLL 

Place  four  tubes,  as  A,  B,  C,  D,  fig.,  26, 
In  contact  with  each  other  ;  excited  glafs  held 
ever  A  forces  part  of  the  fluid  contained  in  it 
into  B,  the  quantity  received  in  B  will  force 
out  a  certain  portion  from  C  into  D ;  the  mo- 
ment before  the  excited  glafs  is  removed  from 
A,  feparate  B  and  D  from  A  and  C,  after 
which  it  will  be  found,  that  A  and  C  are  in  a 
negative,  and  B  and  D  in  a  pofitive,  ftate.  ■ 

Experiment  XLII. 

Excited  glafs  held  at  about  one  inch  diftance 
from  the  end  B,  of  a  folid  cylinder  of  glafs  B,  D, 
/  fig.  28,  PI.  Ill,  which  is  fix  feet  long,  and 

about 

*  Ibid,  p.  8. 
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about  half  an  inch  diameter,  will  force  part  of 
the  fluid  at  the  end  B  towards  the  remote  end 
D  ;  but,  in  doing  this,  the  natural  quantity 
belonging  to  the  glafs  will  undergo  feveral  al- 
terations, which  are  difcovered  by  the  efFecl  an 
excited  glafs  tube  has  on  a  number  of  pith  balls, 
which  are  fufpended  at  equal  diftances  from 
each  other  between  B  and  D  ;  in  a  little  fpace 
of  time  the  electricity  of  thefe  is  changed,  thofe 
■that  were  pofltive  will  become  negative,  and 
/:hofe  that  were  negative  will  become  pofitive. 

If  the  -excited  glafs  is  held  in  contact  with 
jhe  end  B,  the  additional  quantity  received  at 
B  will,  in  going  towards  D,  caufe  feveral  al- 
terations in  the  denfity  o£  the  fluid  in  B  D,  but 
thefe  alterations  will  be  converfe  to  the  former, 
and  after  a  little  time  will  alfo  be  reverfccL 

It  may  be  inferred  from  thefe  experiments, 
that  whenever  t,be  electric  fluid  in  any  body  be- 
comes fuddenly  more  denfe  in  any  one  part, 
the  fluid  in  the  neighbouring  parts  will  be 
more  rare,  and  vice  verfa.  Thefe  alternate 
changes  of  rarity  and  deufity  muft,  from  the 
nature  of  an  elaftic  fluid,  continue  to  ofcillatp 
many  times  backwards  and  forwards  before  the 
fluid  can  be  at  reft  ;  though,  when  thefe  mo- 
tions are  weakened  to  a  certain  degree,  they  are 
imperceptible  to  the  obferver.  * 

It 

*  Ibid,  r.  18. 
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It  is  not  improbable  that  the  attractive  and 
Tepuifivc  motions  of  electrified  bodies,  are  ow- 
ing to  the  alternate  condenfation  and  delatation 
of  the  electric  fluid  on  the  furface  of  thefe  bo- 
dies, as  they  are  naturally  carried  where  they 
meet  with  the  leaft  refiftance. 

That  there  is  a  vibratory  motion,  or  flruggle, 
Between  the  electric  fluid,  when  in  action,  and 
the  air,  is  evident  from  that  fenfation  which  .is 
felt  when  a  ftrongly  excited  electric  is  brought 
near  any  part  of  the  human  body  ;  this  is  fuch 
ss  would  be  occafioned  by  a  fpider's  web  drawn 
lightly  along  the  fkin.  This  cirenmftance  is 
rendered  more  clear  by  an  experiment  made  by 
Dr.  Prieftley,  in  order  to  difcover  whether 
electricity  was  concerned  in  the  freezing  of 
water. 

Experiment  XLIII. 

He  placed  two  dimes  with  water  in  the  open 
air  in  the  time  of  a  fevere  frofl,  one  of  them  he 
kept  ftrongly  electrified,  and  could  obferve  no 
difference  in  the  time  when  it  began  to  freeze, 
or  in  the  thicknefs  of  the  ice  when  it  had  been 
frozen  fome  time ;  but  he  obferved,  on  each 
fide  of  the  electrified  wire,  the  fame  dancing 
vapour  which  is  feen  near  the  furface  of  the 

earth 
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earth  in  a  hot  day,  or  at  any  time  near  a  body 
ftrongly  heated. 

It  appears,  from  feveral  experiments  of  Be- 
caria,  that  if  the  air  is  thoroughly  exhaufted 
from  a  glafs  receiver,  the  attraction  and 
repullion  of  electrified  bodies  within  the  re- 
ceiver, grow  languid,  and  foon  ceafe  altoge- 
ther. 

Experiments  on  the  attraction  and  repaljion 
of  excited  Jilk  ribbons. 

Experiment  XLIV. 

Put  a  black  and  a  white  ribbon  together,  and 
draw  them  through  the  fingers  ;  by  this  opera- 
tion the  white  ribbon  will  be  electrified  pofi- 
tively,  the  black  negatively,  and  will  confe- 
-quently  repel  each  other. 

Ex  periment  XLV. 

Lay  either  of  the  ribbons  upon  a  quire  of 
paper,  and  draw  over  it  amber,  fealing-wax, 
or  any  other  negative  electric,  the  ribbons  will 
be  excited  pofitively. 

If  pofitive  electrics  are  drawn  over  the  rib- 
bons, they  will  be  excited  negatively. 

Ex- 
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Experiment  XLVI. 

A  piece  of  flannel  and  a  black  ribbon  W31 
excite  as  well  together  as  a  black  and  white 
sibbon. 


Experiment  XLVIL 

Dry  two  white  {ilk  ribbons  at  the  fire,  ex- 
tend them  on  any  fmctoth  plane,  draw  the  edge 
of  a  Iharp  ivory  rule  over  them ;  while  they 
continue  on  the  plane  they  do  not  feem  to  have 
acquired  any  electricity,  yet,  when  taken  up 
Separately,  they  are  obferved  to  be  negatively 
electrified,  and  repel  each  other. 

When  they  are  leparated  from  each  other 
electric  fparks  are  perceived  between  them,  but 
when  they  are  again  put  on  the  plane,  no  light 
is.  perceived  without  a  iecond  friction, 

Experiment  XLVIII. 

Place  the  ribbons  on  a  rough  conducting  fub- 
ftance,  rub  them  as  before,  and  they  will,  oa 
their  reparation*  lliew  contrary  electricities, 
which  will  alfo  difappear  when  they  are  joined 
together. 

If  the  ribbons*  are  made  to  repel  each  other 
and  then  joined  together,  and  placed  on  the 
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fore-mentioned  rough  fubftance,  they  will  In  & 
few  minutes  be  mutually  attracted  ;  the  "u-ppor- 
moft  being  pofitively,  the  undemioft  negatively, 
electrified. 

When  two  white  ribbons  receive  their  fric- 
tion on  a  rough  furface,  they  always  acquire 
contrary  electricities  ;  the  upper  one  is  nega- 
tively, the  lower  one  pofitively,  electrified. 

Experiment  XLI2L 

When  two  ribbons  are  made  to  repel  eacTa 
other,  draw  the  point  of  a  needle  lengthways 
down  one  of  thein,  and  they  will  rufti' toge- 
ther. 

Experiment 

Bring  an  electrified  ribbon  near  a  final]  in  fil- 
iated metallic  plate,  it  will  be  attracted  but 
feebly ;  bring  a  finger  near  the  plate_,  a  fpark 
will  be  obferved  between  them,*  though  both 
together  mew  no  figns  of  electricity ;  on  the 
feparaiion  of  the  ribbon  they  again  appear  to 
be  electrified,  and  a  fpark  is  perceived  between 
the  plate  and  the  finger. 

Experiment  LL 

Lay  a  number  of  ribbons  of  the  fame  colour 
upon  a  fmooth  conducting  fubflanee,  draw  the 

ivory 
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ivory  rule  over  them,  take  them  up  fingly,  ancf 
each  will  give  a  fpark  at  the  place  where  it  is 
feparated  from  the  other  ;  the  laft  will  do  the 
fame  with  the  conductor ;  they  are  all  negatively 
electrified.  Take  them  from  the  plate  together, 
they  will  all  cohere  in  one  mafs,  which  is  nega- 
tively electrified  on  both  lides,' 

Experiment  LII. 

Let  them  be  placed  on  a  rough  conducting 
fubftance,  and  then  be  feparated  fingly,  begin- 
ning with  the  lowermoft,  fparks  appear  as  be- 
fore, but  all  the  ribbons  will  be  ele6trified  po- 
rkively  except  the  uppermoft.  If  they  receive 
the  friction  upon  the  rough  conductor,  and  are 
all  taken  up  at  once,  all  the  intermediate  rib- 
bons acquire  the  electricity  of  the  higheft  or 
loweft,  according  as  die  feparation  is  begun 
with  the  higheft  or  the  Idweft: 

The  following  very  curious  obfervatrons  and 
experiments  were  made  by  Mr.  Syrnmer.  He 
had  been  accuftomed  to'  wear  two  pair  of  filk 
ftockings,  a  black  and  a  white,  when  thefe 
were  pulled  off  both  together  no  figns  of  elec- 
tricity appeared  ;  but,  on  pulling  off  the  black 
Ones  from  the  white,  he  heard  a  mapping  or 
cracking  noife,  and  in  the  dark  perceived 
fparks  between  them/   To  produce  this  and 
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the  following  appearances  in  great  perfection, 
it  was  only  neceffary  to  draw  his  hand  feveral 
times  backward  and  forward  over  his  leg  with 
the  {lockings  upon  it* 

When  the  {lockings  were  feparated  and  held 
at  a  diftance  from  each  other,  both  of  them  ap- 
peared to  be  highly  excited  ;  the  white  Hocking 
pofitively,  the  black  negatively.  While  they 
were  kept  at  a  diftance  from  each  other,  both 
of  them  appeared  inflated  to  fuch  a  degree  that 
they  exhibited  the  intire  fhape  of  the  leg. 
Wrhen  two  black  or  two  white  {lockings  are 
held  in  one  hand,  they  repel  one  another  with 
confiderable  force.  When  a  white  and  a  black 
{locking  were  prcfented  to  each  other  they  were 
mutually  attracted,  and  rum  together,  if  per- 
mitted, with  great  violence.  As  they  ap- 
proach the  inflation  gradually  fubfides,  and 
their  attraction  of  foreign  objects  diminifhes, 
but  their  attraction  of  one  another  increales; 
when  they  actually  meet,  they  become  flat  and 
joined  clofe  together,  like  fo  many  folds  of 
filk  ;  when  feparated  again,  their  electric  virtue 
does  not  feem  to  be  in  the  leaft  impaired  for 
having  once  met.  The  fame  appearances  will 
be  exhibited  by  them  for  a  confiderable  time. 

When  the  {lockings  were  fuffered  to  meet, 
they  {luck  together  with  confiderable  force ; 
at  firft  Mr.  Symmer  found  they  required  from 
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one  tb  twelve  ounces  to  feparate  them.  Ano- 
ther time  they  'raifed  1 7  ounces.  Getting  the 
black  {lockings  new  dyed,  and  the  white  ones 
warned,  and  whitened  in  the  fumes  of  new  ful- 
phur,  and  then  putting  them  one  within  the 
other,  with  the  rough  fides  together,  they  re- 
quired three  pounds  three  ounces  to  feparate 
them* 

When  the  white  flocking  was  put  within 
the  black  one,  fo  that  the  outfide  of  the  white 
was  contiguous  to  the  infide  of  the  black,  they 
raifed  nine  pounds,  wanting  a  few  ounces  ,* 
when  the  two  rough  furfaces  were  together  they 
raifed  fifteen  pounds,  one  penny  weight,  and  a 
half* 
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CHAP.  V. 

Of  the  Ekttric  Spark. 

Experiment  LIII. 

FI  X  the  wire  and  ball  B  to  the  end  of  the 
conductor,  as  at  A,  fig.  29,  turn  the  cy- 
linder, and  then  bring  the  knuckle,  or  another 
metal  ball,  as  c,  towards  B  ;  if  the  machine 
is  powerfull,  a  long,  crooked,  brilliant,  elec- 
tric fpark,  with  the  appearance  of  fire,- 
attended  with  a  mapping  noife,  will  pafs  be- 
tween the  two  balls,  or  between  the'  knuckle 
and  ball. 

The  experiments  in  the  foregoing  chapter 
Ihow,  that  thofe  fubftances  which  are  brought 
within  the  influence  of  electrified  bodies,  will 
become  pofTefied  of  a  contrary  electricity,  and- 
are  confequently  in  a  proper  ftate  to  receive  a 
fpark  from  any  body  that  is  charged  with  elec- 
tric matter ;  and,  when  brought  near  enough, 
they  will  receive  the  fluid  in  one  explofion.  If 
the  conductor  is  negative,  it  receives  the  fluid 
from  the  approaching  body.  The  fpark  does 
not  explode  at  the  greater!:  difrance  on  a  given 
body,  until  it  has  firft  been  made  to  ftrike  at 
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fome  fmaller  diftance,  which,  as  it  were,  en- 
tices the  difcharge  gradually  forwards. 

The  longeft  and  moft  denfe  fparks  proceed 
from  that  end  of  the  conductor  which  is  far- 
theft  from  the  cylinder,  though  long  curvilinear 
fparks  may  alfo  be  taken  near  the  infulating 
pillar  which  fupports  the  conductor.' 

The  fpark,  or  quantity  of  electricity  dif- 
charged,  is  nearly  in  proportion  to  the  fize  o£ 
the  conductor  ;  fo-that  larger  and  longer  fpark* 
are  obtained  from  a  conductor  which  has  a 
confiderable  furface,  than  from  a  fmall  onev 
This,  has  been  extended  fo  far,  that  the  force 
of  the  fpark  from  a  conductor  has  been  equal 
to  a  fhodt  from  a  good  fized  phial. 

The  momentum  or  effort  of  the  electric 
fluid  feems  to  be  produced  by  the  incumbent 
preffure  of  the  atmofphere  on  the  electric  mat-- 
ter,  and  the  preffure  of  one  part  of  this  matter 
upon  another  ;  which  muft  be  very  great,  if 
the  parts  of  it  are  in  contact,  or  act  immedi-- 
ately  one  on  the  other  throughout  the  wide  im»- 
menfity  of  fpace. 

When  the  quantity  of  electricity  is  final!,, 
and  incapable  of  finking  at  any  confiderable 
diftance,  the  fpark  appears  ftrait ;  but,  when- 
it  is  ftrongr,  and  caoable  of  ftrikino;  at  a  greater 
diftance,  it  affumes  a  crooked  or  zig-zag  di- 
rection ;  and  this,  probably,  becaufe  the  more 
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fluid  electric  matter  has  ta  pafs  with  greatf  ra- 
pidity through  the  denfer  and  lefs  fluid  at- 
mofphere,  which  reciprocally  act  upon  each< 
other. 

It  will  be  feen,  by  a  great  variety  of  expe- 
riments, that  the  electric  fluid  is  diffipatcd, 
unlefs  it  is  refitted  by  the  preifure  of  the  at- 
mofphere,  which  keeps  the  fire  together  in  a 
body,  and  by  concentrating  it  mcreafes  its" 
/plendo'r.  The  fpark  which  explodes  in  the 
air  is  vivid,  like  lightening  ;  but,  if  the  fame 
is  tried  in  ah  exhaufted  receiver,  inftead  of  a 
fpark  and  explofion,  we  have  only  a  filent, 
faint,  diluted  ftream. 

Beccaria  fays,  that  the  ai'r  refills  the  electric 
fpark  in  proportion  to  its  denfity,  and  the  thick- 
ftefs  of  the  ftratum  it  oppofes  to  the  fpark,  or 
the  length  of  the  pafTage  they  open  for  them- 
felves  through  its  fubftance.    He  alfo  mews, 
by  a  variety  of  experiments,  that  the  air  is' 
driven  in  every  direction  by  the  electric  fluid 
with  a  force,  the  action  of  which  does  hot  im-  ■ 
mediately  fubfide.1 

The  electric  fpark  appears  of  a'  different' 
colour  according  to  its  denfity  :  when  it  is  rare, 
it  appears  of  a  blueiih  colour  ;  when  more  denied 
it  is  purple ;  when  highly  condenfed,  it  is  clear 
and  white  like  the  light  of  the  fun. 

F  2       '  .  Th<r 
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The  middle  part  of  an  electric  fpark  often  ap- 
pears diluted,  and  of  a  red  or  violet  colour, 
the  ends  are  more  vivid  and  white,  probably 
becaufe  the  fluid  meets  with  the  greatcft  refin- 
ance at  its  entrance  and  exit* 

The  fpark  is  fometimcs  divided  into  many 
parts,  as  in  fig.  30.  The  rays  of  the  pencil 
concentrate  where  they  ftrike  the  ball,  and 
form  upon  it  many  denfe  and  mining  fparks.  ■ 

Experiment  LIV. 

Place  an  ivory  ball  on  the  conductor,  take  a 
flrong  fpark,  (or  pafs  trie  charge  of  a  Leyden 
bottle  through  the  center  of  it)  the  ball  will 
appear  perfectly  luminous.  If  the  charge  is 
not  taken  through  the  center,  it  will  pafs  over 
and  corrode  the  iurface  of  the  ball. 

Experiment  LV. 

Take  a  fpark  through  a  ball  of  box-wood, 
and  it  will  appear  of  a  beautiful  crimfon,  or  ra- 
ther a  fine  fcarlet  colour  :  or  the  mock  may  be 
paiTed  through  pieces  of  wood  of  different 
thicknefTes  and  denfity,  which  will  afford  a 
very  ample  field  for  obfervation  and  experi- 
ment. 

The 
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The  two  foregoing  experiments  are  fo 
analagous  to  the  famous  experiment  of  Mr. 
Hauxfbee,  and  fome  others  which  have  been 
made  fince  his  time,  that  I  have  fubjoined 
them,  and  hope  they  will  lead  to  a  further  in- 
vcfligation  of  this  curious  fubject. 

Experiment  LVI. 

Mr.  Hauxfbee  lined  more  than  half  the  infide 
pf  a  glafs  globe  with  fealing  wax,  he  exhaufted 
the  globe,  and  put  it  in  motion,  when,  on  ap- 
plying his  hand  to  excite  it,  he  faw  the  fhape 
and  figure  of  it  as  diftinctly  on  the  concave  fu* 
perficies  of  the  wax  within,  as  if  only  pure 
glafs  had  intervened  between  his  eye  and  his 
hand.  The  lining  of  wax,  .where  it  was  thin- 
eft,  would  but  juft  allow  the  light  of  a  candle 
to  be  feen  through  it  in  the  dark.  In  fome 
parts  the  wax  was  at  leaft  .an  eighth  part  of  an 
inch  thick  ;  yet,  even  in  thofe  places,  the  fhape 
and  figure  of  his  hand  were  as  diftinguifhable 
as  any  where  elfe. 

Beccaria  difcharged  an  electric  fhock  through 
fome  brafs  dufl  fprinkled  between  two  plates  of 
fealing  wax  ;  the  whole  was  rendered  perfedly 
luminous  and  tranfparent. 

F  3  Ex- 
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Experiment     L  VII. 

This  extraordinary  experiment  was  made  by 
Dr.  Prieftley,  and  is  thus  defcribed  by  him. 
I  laid  a  chain,  which  was  in  contact  with  the 
outride  of  a  jar,  lightly  on  my  finger,  and 
fometimes  kept  it  at  a  fmall  diftance  by  means 
of  a  thin  piece  of  glafs.  If  I  made  the  dis- 
charge at  the  diftance  of  about  three  inches, 
the  electric  fire  was  vifible  on  the  furface  of 
the  finger,  giving  it  a  fudden  concuflion,  which- 
feemed  to  make  if  vibrate  to  the  very  bone  ; 
and,  when  it  happened  to  pafs  on  that  fide  of 
the  finger  which  was  oppofite  to  the  eye,  the 
whole  feemed,  in  the  dark,  perfectly  tranf* 

parent. 

i 

Experiment  LVIII. 

Connect  one  end  ol  a'  chain  with  the  outfide 
of  a  charged  jar,  let  the  other  end  lye  on  the 
table,  place  the  end  of  another  piece  of  chain 
at  about  one  quarter  of  an  inch  diftance  from 
the  former,  then  fet  a  decanter  of  water  on 
thefe  Separated  ends,  and,  on  making  the  dis- 
charge through  the  chain,  the  water  will  appear 
perfectly  and  beautifully  luminous.  This  expert 
ment  was  communicated  to  me  by  Mr.  Haas,  the 
inventor  of  an  improved  air  pump,  which  far 

exceeds 
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exceeds  thofe  that  have  been  hitherto  made 
life  of. 

Po  not  thefe  experiments  indicate,  that 
there  is  a  fubtle  medium  both  in  electric  and 
non-electric  bodies  that  renders  them  tranfpa- 
rent  when  it  is  put  in  motion  > 

Experiment  LIX. 

The  fparks  taken  over  a  piece  of  illver  lea- 
ther appear  of  a  green  colour. 

Experiment  LX. 

E  F,  fig.  31,  is  a  glafs  tube,  round  which, 
at  fmall  but  equal  diftances  from  each  other, 
pieces  of  tin-foil  are  palled  in  a  fpiral  form, 
(hence  it  is  called  the  fpiral  tube)  from  end  to 
end;  this  tube  is  inclofed  in  a  larger  one,  fitted 
with  brafs  caps  at  each  end,  which  are  connect- 
ed with  the  tin-foil  of  the  inner  tube.  Hold 
one  end  in  the  hand,  and  apply  the  other  near 
enough  to  the  prime  Conductor  to  take  fpark3 
from  it,  a  beautiful  and  lucid  fppt  will  then  be 
feen  at  each  feparation  of  the  tin-foil ;  thefe 
multiply,  as  it  were,  |he  fpark  taken  from  the 
conductor,  for,  if  there  was  no  break  in  the 
tin-foil,  the  electric  fire  would  pafs  off  unper- 
feiyedo 
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Experiment  LXI. 

The  Luminous  Word.  This  experiment 

(  is  exactly  on  the  fame  principles  as  the  fore- 
going. The  word  is  formed  by  the  fmall  jS  - 
parations  made  in  the  tin-foil,  which  is  pafled 
on  a  piece  of  glafs,  that  is  fixed  in  a  frame 
of  baked  wood,  as  is  reprefented  in  fig.  32. 
To  make  the  experiment,  hold  the  frame  in 
the  hand  and  prefent  the ,  ball  G  to  the  con- 
ductor, the  fpark  received  on  this  will  be 
communicated  to  the  tin-foil,  and  follow  it  in 
all  its  windings,  till  it  arrives  at  the  hook  h, 
and  is  conveyed  from  thence  to  the  ground  by 
a  chain  :  the  lucid  appearance  at  each  break 
exhibits  a  word  in  characters  of  fire. 

Experiment  LXII. 

To  take  the  electric  fpark  with  a  metal  point ; 
fcrew  a  pointed  brafs  wire  into  one  end  of  a 
fpiral  tube,  and  prefent  it  to  the  conductor 
while  the  machine  is  in  action,  when  a  ftrong 
fpark  will  pafs  between  the  conductor  and  the 
point.  1 

Experiment  LXIII. 

Take  a  clean  dry  glafs  tube,  of  about  £ 
quarter  of  an  inch  bore,  infert  a  pointed  wire 
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in  this  tube,  keep  the  pointed  end  at  fome  dif- 
tance  from  the  end  of  the  tube,  let  the  other 
end  be  connected  with  the  ground,  bring  the 
former  towards  the  prime  conductor,  and  ftrong 
zig-zag  fparks,  attended  with  a  peculiar  noife, 
will  pais  between  the  conductor  and  the  point. 

The  reparation  between  the  pieces  of  tin-foil, 
in  experiment  62,  forms  a  refiftance  which  hin- 
ders the  immediate  reception  of  the  electric 
fluid,  and  thus,  in  fome  meafure,  prevents  the 
-common  action  of  the  point  on  the  conductor; 
or,  in  other  words,  the  power  of  a  point  to  pre- 
vent an  cxplofion,  depends  on  its  having  a  per- 
fect: uninterrupted  .metallic  communication 
with  the  earth ;  though  this  is  not  quite  fufrici- 
ent,  as  may  be  feen  by  Ex.  LXIII,  where  the 
fluid  is  concentrated  and  collected  by  the  non- 
conducting fubftanee,  which  furrounds  the 
^point. 

Experiment  LXIV. 

Let  any  pcrfon  ftand  on  the  infulating  Oool, 
and  connect  himfelf  by  a  wire  or  chain  with  the 
prime  conductor,  he  will  then  exhibit  the  fame 
•appearances  which  are  obtained  from  the  con- 
-duct-or,  and  will  attract  light  bodies,  give  the 
fpark,  &c.  and  thus  afford  a  pleafmg  mode  of  di* 
verfify  ing  every  experiment.  It  is  abfolutely  ne- 

ceflary, 
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refiary,  to  the  complete  fuccefs  of  this  expert 
meat,  that  no  part  of  the  cloaths  touch  the 
floor,  table,  &c.  and  that  the  glafs  feet  be 
carefully  dried  ;  a  ihect  of  dry  brown  paper 
placed  under  the  ftool,  will  be  found  of  con-r 
fiderable  fervicc,  by  rendering  the  infulation 
more  compleat. 

If  the  infulated  perfon  lays  his  hand  on  the 
cl oaths  of  one  that  is  not  fo,  efpecially  if  they 
arc  woollen,  they  will  both  feel  as  it  were  many 
pins  pricking  them,  as  long  as  the  cylinder  is 
in  motion. 

Experiment  LXV\ 

To  fire  fpirits  of  wine  with  the  electric  fpark. 
Heat  the  ladle,  fig.  33,  then  pour  a  fmall 
quantity  of  fpirit  of  wine  intp  it,  and  fix  it  by 
its  handle  to  the  end  of  the  prime  conductor ; 
or,  fire  the  fpirits,  and  blow  them  put  a  few 
minutes  before  the  experiment  is  made ;  take 
a  fpark  through  the  middle  of  the  ladle  with  a 
brafs  ball,  and  the  fpirits  will  be  fired  by  it. 

Or,  let  a  perfon,  Handing  on  an  infulating 
itool  and  connected  with  the  prime  conductor, 
hold  the  ladle  with  the  fpirits  in  his  hand,  and 
let  a  perfon  on  the  floor  take  a  fpark  through 
them,  and  they  will  be  fired.  The  expert 
ment  aniwers,  equally  well,  if  the  perfon  on  the 

floor 
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floor  holds  the  ladle,  and  the  infulated  pcrfqn 
jakes  the  fpark. 

Experiment  LXVI. 

If  oil  of  turpentine  is  fet  on  fire  in  a  verTel 
which  is  placed  on  the  conductor,  and  the 
Imoke  is  received  on  a  plate,  held  by  a  perfon 
landing  on  an  infulated  ftool,  he  will  be  elec- 
trified thereby,  and  enabled  to  fire  fpiiits  of 
wine,  &c.  If  the  infulated  perfon  holds  a  brafs 
wire  at  the  top  of  the  flame  of  burning  fpiiits 
pf  wine  which  is  connected  with  the  conductor, 
he  will  alfo  become  electrified.  Hence  we 
find,  that  either  fmoke  or  flame  conducts  the 
electrical  fluid. 

Mr.  Volta  has  fucceeded  in  obtaining  un- 
doubted figns  of  electricity  from  the  finite 
evaporation  of  water,  and  from  various  chemii 
f al  effervefcences. 

Experiment  LXVII. 

Infulate  a  fmall  crucible,  containing  three  or 
four  lighted  coals,  throw  a  fpoonful  of  water 
on  the  coals,  and  in  a  Ihort  fpace  of  time,  an 
electrometer,  which  communicates  with  the 
coals  by  means  of  a  wire,  will  diverge  with 
negative  electricity. 

From 
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From  hence  it  would  fecm,  that  the  vapour 
of  water,  and,  in  general,  thofe  parts  of  a 
body  that  are  feparated  by  volatilization,  carry 
away  an  additional  quantity  of  electric  fluid, 
as  well  as  of  elementary  heat ;  and  that  the 
body,  from  which  thofe  volatile  parts  have 
been  feparated,  remains  both  cooled  and  elec- 
trified negatively  ;  and,  that  thofe  which 
are  refolved  into  a  volatile  elaftic  fluid,  have 
their  capacity  for  holding  common  fire,  and 
the  electric  fluid  augmented. 

A  fpecies  of  air  which  is  inflammable  is  fre- 
quently generated  in  coal  mines  :  the  air  alio 
emitted  by  ftirring  the  mud  of  lome  ftanding 
waters,    has  been  found  to  be  inflammable. 
Putrefcent  animal  matter  alfo  emits  this  fluid. 
It  may  be  obtained  by  diftillation  from  wax, 
pitch,  amber,  coals,  and  other  phlogiftic  fub- 
fiances.    The  following  is  the  moft  convenient 
method  of  procuring  it  :  put  fome  fmall  naii-s 
or  iron  filings  into  the  bottle  r,  fig^37,  cover  I 
thefe  with  water,  then  add  to  this  a  little  oil 
of  vitriol,  about  one  quarter  of  the  quantity  f 
there  is  of  water,  put  the  ground  end  of  the 
bent  tube  s  into  the  mouth  of  the  bottle,  and 
pafs  the  other  end  through  the  water  of  the 
bafon  T  into  the  neck  of  the  bottle.  K,  which 
is  filled  with  water,  and  inverted  in  the  bafon, 
the  bottle  K  rnufl  be  fupported  during  the  oper 
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ration  :  in  a  little  time  the  mixture  will  cffcr- 
vefeej  and  emit  a  fluid  which  will  pafs  through 
the  bent  tube,  go  into  the  bottle  K,  and  at  laft 
fill  it  totally,  expelling  the  water  ;  the  bottle 
is  then  to  be  removed,  and  corked  as  expediti- 
bully  as  pomble. 

Fig.-  39  reprcfents  a  brafs  piftol  for  inflam- 
mable air ;  ab  is  a  chamber  of  brafs*.  to  the 
mouth  a  c  of  which  a  cork  is  fitted,  a  perfora- 
ted piece  of  brafs  fcrews  on  to  the  bottom  of 
this  chamber,  (this  piece  is  reprefented  by  itfelf 
in  fig*  40)  a  glafs  tube  is  cemented  into  the 
perforation  of  this  piece,  and  a  brafs  wire  is 
alfo  cemented  into  the  glafs  tube  ;  one  end  of 
this  wire  is  furnilhed  with  a  ball,  the  other  ex- 
tremity is  bent,  fo  as  to  come  within  about  a 
tenth  of  an  inch  of  the  brafs  piece.  Fig.  41  is  a 
brafs  cap,  which  fcrews  on  the  piilol,  to  prefjrve 
the  glafs  tube  from  any  accident.  The  air  with, 
which  the  piftol  is  to  be  charged  Ihould  be 
kept  in  a  corked  bottle  :  take  out  the  cork, 
and  apply  in  the  fame  inflant  the  mouth  of  the 
piilol  to  the  opening  of  the  bottle,  and  the 
common  and  inflammable  air  will  mix  together, 
becaufe  the  former  being  lighter  than  the  lat- 
ter will  naturally  defcend  ;  keep  the  piftci  in 
this  fituation  about  1 5  feconds,  then  remove  it, 
and  cork  both  the  bottle  and' piftol  with  the 
utmoft  expedition. 
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If  the  piftol  is  held  too  long  over  the  bottle; 
and  is  intirely  filled  with  inflammable  air;  it 
will  not  explode; 

Experiment  LXVIII. 

Bring  the  ball  of  the  piftol,  which  is  charged 
with  inflammable  air,  near  the  prime  con- 
ductor, or  the  knob  of  a  charged  bottle,: 
the  fpark  which  paffes  between  the  end  o;f 
the  wire  f  and  the  piece  g,  fig.  40,  will  fire' 
the  inflammable  air,  and  drive  the  cork  to' 
a  confiderable  diftance.  This  air,  like  all 
other,  requires  the  prefence  either  of  pure  air,' 
or  the  nitrous  acid,  to  enable  it  to  burn ;  but,' 
if  it  is  mixed  with  a  certain  quantity  of  com- 
mon air,  an  explolion  will  take  place  in  paffing 
the  electric  fpark  through  it. 

Mr.  Cavallo  recommends  a  piftol  made  iff 
the  following  manner,  to  thofe  who  wifh  to 
make  experiments  on  the  exploiion  of  inflam- 
mable and  dephlogifticated  air,  or  with  known' 
quantities  of  common  and  inflammable  air.' 
It  confifts  of  a  brafs  tube,  about  one  inch  in 
diameter  and  fix  inches  long,  to  one  extremity^ 
of  which  a  perforated  piece  of  wood  is  fecurely 
fitted  ;  a  brafs'  wire,  about  four  inches  long, 
is  covered,  except  its  ends,  firft  with  fealing 
wax,  then  with  filk,  and  afterwards  with  feal-' 
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ing  wax  again.  This  wire  is  to  be  cemented  in  the 
perforation  of  the  wooden  piece,  fo  as  to  pro- 
ject about  two  inches  within  the  tube,  the  reft 
is  on  the  outfide ;  that  part  of  the  wire  which 
is  within,  is  bent  fo  as  to  be  only  about  one 
tenth  of  an  inch  from  the  infide  of  the  brafs 
tube.  * 

To  ufe  this  piftol  ;  fill  it  with,  and  then  in- 
vert it  into  a  bafon  of  water  ;  make  the  re- 
quired quantity  of  inflammable  and  common' 
air  in  another  vefTel,  by  putting  in  known  and 
proportionable  meafures  of  each  ;  introduce 
this  mixture  into  the  piftol,  and  then  ftop  it 
with  a  cork,  take  the  piftol  out  of  the  water, 
and  pafs  in  the  ufual  manner  the  fpark  of  af- 
charged  jar  through  it,  and  the  inflammable 
air  will  be  fixed* 

The  inftruments  for  firing  the  inflammable 
air  with  the .  electric  fpark,  are  often  made  in' 
the  fliape  of  a  cannon. 


*  Cavallo  on  Air,   p.  8*?.' 
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CHAP.  VL 

Of  Eleftrified  Points. 

Experiment  LXIX. 

TQR.ESEN't1  the  pointed  end  of  a  wire  to- 
JL  wards  a  conductor  which  is  pofitively 
electrified,  a  lucid  globular  point  or  ftar  will 
appear  on  the  point,  and  the  electric  fluid  will 
be  evidently  conveyed  away  and  dimpated  from 
the  conductor. 

EXPER  IMEliT  LXX. 

Frefent  a  pointed  wire  towards  a  conductor 
that  is  electrified  negatively  ;   a  lucid  cone  ot . 
bruin  will  be  feen  diverging  from  the  point,  and 
the  quantity  of  fire  will  be  increafed. 

Experiment  LXXL 

The  lucid  ftar  is  feen  on  the  collecting 
points  of  a  pofitive  conductor,  while  a  diverging 
cope  will  appear  on  a  point  placed  at  the  end  of 
the  conductor. 

Ex- 
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Experiment  LXXII. 

A  lucid  cone  appears  on  the  collector  of  a 
negative  conductor,  and  a  lucid  (tar  on  a  point 
placed  at  the  oppofite  end  of  the  conductor; 

The  fufceptibility  of  points  to  receive  or 
part  with  the  electric  matter,  and  the  different 
appearance  of   the   light  on  the   point,  in 
various  experiments,  has  led  many  electricians 
to  conclude,  that  thefe  appearances  determined, 
in  a  decifive  manner,  the  direction  of  the  elec- 
tric fluid.    They  fuppofe,  that  the  appearance 
of  the  globular  light  or  (tar  is  an  indication 
that  the  electric  fluid    is  entering  by  that 
point ;  and  that  the  fluid  proceeds  from  the 
point  on  which  the  lucid  cone  or  brufli  is 
feen.  This  opinion  is  confirmed,  by  obferving 
that  thefe  appearances   are   conformable  to 
the  laws  obferved  by  other  fluids,  which  di- 
verge from  the  refiftance  they  meet  with  from* 
the  air ;  as  is  the  cafe  when  the  electric  fluid 
iflues  from  a  point  placed  at  the  end  of  a  pofi- 
tive  conductor.    To  this  it  has  been  objected, 
that  the  rays  may  be  confidered  as  converging 
from  fo  many  points  in  the  furrOunding  air  to- 
wards the  metallic  point.   But  it  is  difficult  to 
fay,  why  a  vifible  ray  fhould  be  fuppofed  to 
breakout  from  one  point  of  theatmofphere  rather 
than  another,  as  it  is  known  to  refill:  the  pafTage 
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of  the  fluid,  and  fcems  to  refift  it  equally  ;  and 
therefore,  when  it  proceeds  from  the  air  to  a 
point,  it  percolates  llowly,  invifibly,  and 
equally  on  all  fides,  till  it  comes  fo  near  as  to 
force  its  way  through  the  intermediate  fpace, 
and  fettle  on  the  point,  where  it  will  appear  as 
a  luminous  globule. 

Experiment  LXXIII. 

Bring  an  excited  glafs  tube  near  a  point  that 
is  fixed  at  the  end  of  a  pofitively  electrified  con- 
ductor, and  the  luminous  brum  will  be  turned 
out  of  its  direction  by  the  action  of  the  excited 
tube  ;  if  the  tube  is  held  directly  oppofite  to' 
the  point,  the  brum  will  vanifru 

Experiment  LXXIV. 

Fix  the  point  to  the  end  of  the  negative  con- 
ductor, the  lucid  liar  will  turn  towards  the 
excited  tube. 

Thefe  two  experiments  coincide  with  and 
confirm  experiments  69,  70,  71,  72,  and  lead 
to  the  fame  conclufion,  viz.  that  the  brufh  is  a 
lign  of  politive,  and  the  flar  an  indication  of 
negative,  electricity,  which  is  ftill  further  con* 
firmed  by  the  following  experiment.- 

Experiment  LXXV. 

Put  a  wire,  which  has  a  ball  at  one  end,  into 
•die  hole  at  the  end  of  a.  pofitive  conductor, 

place 
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place  a  lighted  candle  fo  that  the  middle  of  the 
flame  may  be  even  with  the  middle  of  the  ball, 
and  about  an  inch  from  it ;  turn  the  machine, 
and  place  the  fame  wire  at  the  end  of  the  nega- 
tive conductor,  the  appearance  will  be  reverfed, 
and  the  knob  will  foo'n  be  heated  by  the  flame 
of  the  candle  which  is  carried  towards  it, 

Experiment  LXXVI. 

Fix  a  pointed  wire  in  the  hole  on  the  upper 
fide  of  the  conductor,  then  place  the  center  of 
the  brafs  crofs  K,  fig,!  34,  upon  the  point,  the 
ends  of  which  crofs  are  all  bent  one  way  ;  elec- 
trify the  conductor,'  and  the  crofs  will  turn 
upon  its  center  with  great  rapidity.     If  the 
room  be  darkened,  a  circle  of  light  will  be 
formed  by  the  electric  fluid  on  the  points  of 
the  wires.    The  re-action  of  tlie  air  on  the  di- 
verging cone  of  electric  matter  gives  the  retro- 
grade motion  to  the  points  of  the  wire 

The  fly  turns  round  in  the  fame  direction,1 
whether  it  is  electrified  negatively  or  pofitively  j 
though  it  will  not  move  in  vacuo,  unlefs  the 
ringer,  or  fome  other  conductor,  is  applied  to? 
the  glafs  receiver  oppofite  to  one  of  the  points, 
it  will  then  begin  to  move,  and  continue  to  dor 
fo  brifkly  till  the  glafs  is  charged. 

G  2  ■  Ex^ 
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Experiment     LXX  Vlf . 

Electrify  the  two  infulated  wires  MN,  oP, 
fig.  35,  and  the  refiftance  of  the  air  againft  the 
electric  ftream,  from  the  point  of  the  fly  L, 
(the  axis  of  which  rolls  on  the  wires)  will  force 
the  fly  up  the  declivity  of  the  inclined  plane 
MN,oP. 

Experiment  LXXVIII. 

Fig.  36  reprefents  a  fmall  crane,  which  will 
move  from  the  fame  caufe  as  the  foregoing, 
and  raife  a  fmall  weight. 

Experiment  LXXlX, 

Several  flyers  may  be  made  to  turn  at  the 
fame  time,  fee  fig.  37,  and  many  other  pleafing 
experiments  may  be  contrived  on  the  fame 
principle. 

When  the  eledlric  fluid  percolates  a  wooden 
point,  the  flream  or  cone  which  iflues  from  it 
feems  diluted,  and  fomething  fimilar  to  the 
purple  electric  light  which  is  obtained  in  vacuo. 
The  action  of  the  electric  fluid  on  the  air  by  an 
electrified  point,  produces  a  fenfible  aura,  or 
wind,  of  fufficient  force,  as  is  feen  above,  to 
put  light  bodies  in  motion,  or  difturb  the  flame 

of 
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of  a  candle,  and  occafion  an  undulation  in 
fluids  ;  the  action  of  the  fluid  is  fo  modified 
by  points  as  to  produce  an  agreeable  fenfation, 
refembling  a  gentle  breathing ;  this  fenfation 
may  be  rendered  more  or  lefs  ftimulating,  by 
the  refinance  the  fluid  meets  with  in  its  action 
on  our  bodies,  an  effect  which  is  productive  of 
great  advantages  in  medical  electricity. 
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CHAP.  VII. 

Of  the  Ley  den  Phial. 

V  |  AHE  experiments  upon  the  Leyden  phial 
JL  are  fome  of  the  moft  interefting  in  elec- 
tricity ;  they  excited  the  attention  of  the  philo- 
sopher to  this  fubject  more  than  any  other  ex- 
periment, and  are  ftill  viewed  with  wonder  and 
furprize. 

The  phecnomena  attending  this  very  extra- 
ordinary experiment  feemed  totally  inexplica- 
ble, till  they  were  elucidated  by  the  ingenious 
theory  of  Dr.  Franklin ;  which,  in  a  plain  and 
-clear  manner,  accounts  for  mod  of  the  difficul- 
ties which  attend  this  intricate  branch  of  elec- 
tricity ;  and  accomodates  itfelf  fo  eafily  and  fatif- 
factorily  to  a  variety  of  appearances,  as  to 
make  us  almoft  lofe  fight  of  the  objections 
again  ft  it. 

Experiment  LXXX. 

Place  the  brafs  ball  of  a  coated  jar  in  contact 
with  the  prime  conductor  while  the  outride 
communicates  with  the  table,  turn  the  cylin- 
der, and  the  bottle  will  in  a  little  time  be 

charged, 
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charged,  or  modify  the  electric  fluid  in  a  pecu- 
liar manner.  To  difcharge  the  jar,  or  reftore 
Jt  to  its  natural  ftatc,  bring  one  end  of  a  con- 
ducting fubflance  in  contact  with  the  outfide 
coating,  and  let  the  other  be  brought  near  the 
knob  of  the  jar  which  communicates  with  the 
infide  coating,  a  ftrong  explofion  will  take 
place,  the  electric  light  will  be  vifible,  and  the 
report  very  loud. 

Experiment  LXXXI. 

Charge  the  Leyden  bottle,  then  touch  the 
outfide  coating  with  one  hand,  and  the  knob 
with  the  other,  the  bottle  will  be  difcharged, 
and  a  fudden  peculiar  fcnfatiqn  will  be  per- 
ceived,    That  is  called  the  electric  fliock, 
which,  when  it  is  taken  in  this  manner,  gene- 
rally affects  the  wrifts,   elbows,  and  breaft  : 
when  the  fhock  is  ftrong,  it  rcfembles  an  uni- 
verfal  blow.     This  peculiar  fenfation  is  proba- 
bly owing  to  the  two-fold  and  inftantaneous 
action  of  the  electric  fluid,  which  enters  and 
goes  out  of  the  body  and  the  various  parts 
through  which  it  paflfes  at  one  and  the  fame 
inftant.    It  has  been  alfo  obfervcd,  that  nature 
has  appointed  a  certain  modification  of  the 
electric  fluid  in  all  terreftrial  bodies,  which  we 
violate  in  our  experiments  ;  when  this  violation 
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is  fmall,  the  powers  of  nature  operate  in  a  gen- 
tle manner  to  rcftore  the  diforder  we  have  intro- 
duced ;  but,  when  the  deviation  is  conliderable, 
the  natural  powers  reftore  the  original  conftitu- 
tion  with  extreme  violence. 

If  feveral  perfons  join  hands,  and  the  firft 
touches  the  outride  of  a  charged  jar,  and  the 
laft  the  knob,  the  bottle  will  be  difcharged, 
and  they  will  all  /eel  the  mock  at  the  fame  in- 
fant ;  but  the  greater  the  number  of  perfons 
that  join  hands  to  take  a  fhock,  the  weaker 
it  is. 

TJie  force  of  the  mock  is  in  proportion  to 
the  quantity  of  coated  furfaces,  the  thinnefs  of 
the  glafs,  and  the  power  of  the  machine  ;  or, 
the  effect  of  the  Leyden  phial  is  increafed,  in 
proportion  as  we  deftroy  the  equilibrium  on 
the  furfaces. 

If  a  charged  jar  is  coated  very  high,  it  will 
difcharge  itfelf  before  it  has  received  near  the 
charge  it  would  take  if  the  coating  was  lower. 
If  it  is  coated  very  low,  this  part  of  the  furface 
may  be  charged  very  high,  but  a  confiderable 
part  of  the  glafs  is  not  charged  at  all. 

When  a  jar  is  charged  very  high,  it  will 
often  explode  or  difcharge  itfelf  over  the  glafs 
from  one  coated  furface  to  the  other  ;  or,  if 
the  glafs  is  thin,  it  will  make  a  hole  through 
it,    and   fwell   the   coating  on  both  fides, 

the 
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the  glafs  in  the  hole  will  be  pulverized,  and 
very  often  a  variety  of  nffures  will  proceed  from 
it  in  various  directions. 

A  Leyden  jar  very  often  recovers  its 
electricity,  hi  a  fmall  degree,  after  a  dis- 
charge has  been  made  ;  this  fecond  explofion 
is  called  the  refiduum  of  a  charge. 

The  form  or  fize  of  the  glafs  is  no  ways 
material  to  the  receiving  of  a  charge. 

To  avoid  receiving  the  electric  {hock,  be 
careful  never  to  touch  the  top  and  bottom  of 
the  jar  at  the  fame  time,  and  never  to  enter  a 
circuit  formed  between  the  inlide  and  outride 
of  ajar.  By  attending  to  this  obfervation,  jars 
of  any  fize  may  be  handled  with  fafety.  Indeed, 
the  human  frame  makes  fo  little  refinance  to 
the  free  paffage  of  this  fubtle  agent,  that  no 
other  inconvenience  will  attend  a  Ihock  from  a 
common-fized  charged  jar,  than  a  tranfient  dif- 
.agreeable  fenfation. 

Touch  the  knob  of  a  charged  jar,  no  fhock 
will  enfue  ;  but  the  finger,  or  part  that  touches 
the  ball  of  the  jar,  will  be  affected  with  a  {harp 
fenfation,  as  if  it  had  been  pricked  with  a 
needle. 

A  charged  phial,  fet  upon  electric  fubftances, 
may  be  taken  hold  of  without  danger,  cither  by 
(he  coating  or  the  wire  ;  a  fmall  fpark  only  will 
proceed  from  either. 

Dr. 
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Dr.    Franklin's    Theory    of   the    Ley  den 

Bottle. 

Glafs  is  fuppofed  to  contain  at  all  times,  on 
Its  two  furfaces,  a  large  quantity  of  the  electric 
fluid  ;  which  is  fo  difpofed,  that  if  you  increafe 
the  quantity  on  one  fide,  the  other  muft  throw 
off  an  equal  proportion  ;  or,  when  one  fide  is 
pofitive,  the  other  muft  be  negative  ;  now,  as 
no  more  of  the  electric  fluid  can  be  forced  on 
one  fide  than  can  go  off  on  the  other,  there  is. 
no  more  in  the  bottle  after  it  is  charged  than 
was  there  before  ;  the  quantity  is  neither  in- 
creafed  or  leffened  on  the  whole,   though  a 
change  may  be  made  in  its  place  and  fituation  ; 
L  e.  we  may  throw  an  additional  quantity  on 
one  of  its  fides,  if,  at  the  fame  time,  an  equal 
quantity  can  efcape  from  the  other,  and  not 
otherwife.  That  this  change  is  effected  by  lining 
parts  of  its  two  furfaces  with  a  non-electric; 
through  the  mediation  of  which,  we  are  enabled 
to  convey  the  electric  fire  to  every  phyfical 
point  of  the  furface  we  propofe  to  charge, 
where  it  exerts  its  activity  in  repelling  the  elec- 
tric particles  naturally  belonging  to  the  other 
fide  ;  all  of  which  have  an  opportunity  of  efca- 
ping  by  the  lining  in  contact  with  this  furface, 

which, 
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«which,  for  that  purpofe,  muft  communicate 
.with  the  earth  :  when  the  whole  quantity  De- 
fending to  this  furface  has  been  difcharged,  in 
confequence  of  an  equal  quantity  thrown  upon 
the  other  furface,  the  bottle  is  charged  as  much 
as  it  can  poflibly  be.  The  two  furfaces  are  at 
this  time  in  a  ftate  of  violence;  the  inner,  or 
^ofitive  fide,  ftrongly  difpofed  to  part  with  its 
additional  fire,  and  the  outer,  or  negative  fide, 
equally  defirous  to  attract  what  it  has  loft,  but 
neither  of  them  capable  of  having  a  change 
in  its  ftate  effected,  without  the  equal  and 
contemporary  participation  of  the  other.  That 
notwithstanding  the  vicinity  of  thefe  two  fur- 
faces,  and  the  ftrong  difpofition  of  the  electric 
fluid  contained  in  one  of  tjiem  to  communicate 
its  fuper-abundance  to  the  other,  and  of  that 
to  receive  it,  yet  there  is  an  impenetrable  bar- 
rier between  them  ;  for,  fo  impermeable  is  glafs 
to  the  electric  fluid,  (though  it  permits  one 
fide  of  it  to  act  on  the  other)  that  its  two  fur- 
faces  remain  in  this  ftate  of  contrariety  till  a 
communication  is  formed  between  them,  ab 
extra,  by  a  proper  conductor,  when  the  equili- 
brium is  fuddenly  and  violently  reflored,  and 
the  electric  fluid  recovers  its  original  ftate  of 
equality  on  the  two  fides  of  the  glafs. 

Ex* 
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Experiments  on  charging  and  difcharging 
the  Leyden  Phial,  intefided  to  elucidate 
and  confirm  Dr.  Franklins  'Theory. 

Experiment  LXXXII. 

Screw  a  Leyden  phial,  whofe  coating  is  free 
from  points,  upon  an  infulated  ftand,  and  place 
it  fo  that  its  knob  may  be  in  contact  with  the 
conductor,  (taking  eare  that  no  concm^ting 
fubftance  is  near  the  coating  of  the  jar)  turn 
the  cylinder  round  a  fuffjeient  number  of 
times  to  charge  the  phial,  then  examine  it  with 
a  difcharging  rod,  and  you  will  find  it  had  re- 
ceived no  charge  ;  which  mews  clearly,  that 
except  the  electric  fluid  can  efcape  from  one 
fide  of  the  jar,  it  can  receive  none  on  the 
pther. 

Experiment  LXXXIIL 

Place  the  fame  infulatcd  phial  fo  that  its  knob 
may  be  about  half  an  inch  from  the  conductor, 
and,  while  the  cylinder  is  turning,  hold  a  brafs 
knob  near  the  coating  of  the  jar  ;  this  knob 
•will  receive  a  fpark  from  the  coating  for  every 
one  that  palfes  between  the  conductor  and  the 

knob, 
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knob,  and  the  jar  will  in  a  little  time  he 
charged,  by  adding  electricity  to  one  fide,  and 
taking  it  away  from  the  other. 

EXPER  IMENT  LXXXIV. 

Screw  the  phial  a,  fig.  42,  on  the  infulatcd 
pillar  d,  and  bring  its  knob  in  contact  with  the 
conductor  ;  hold  another  bottle  c,  of  the  fame 
fize  with  a,  fo  that  its  knob  may  be  in  contact 
with  the  outfide  coating  of  the  bottle  a ;  turn 
the  cylinder,  and  when  the  bottle  a  is  charged, 
place  c  on  the  table,  then  unlcrew  a  from  its 
ftand,  and  place  it  alfo  on  the  table,  but  at 
fome  diftancc  from  the  other ;  fit  a  brafs  ball 
to  the  bottom  Hem  of  the  quadrant  electrome- 
ter, and  hold  the  electrometer  by  a  filk  Unrig, 
fo  that  the  brafs  ball  may  touch  the  knob  of 
the  bottle  ;  obferve  at  what  height  the  index  of 
the  electrometer  (lands,  and  then  remove  it  to 
the  other  bottle,  which  will  raife  the  index  to 
the  fame  height ;  lhewing  clearly,  that  the 
bottle  has  thrown  off  from  the  outfide  as  much 
electricity  as  it  received  on  the  infide^ 

Experiment  LXXXV. 

Place  the  knob  of  an  infulated  bottle  in  con- 
tact with  a  pofitive  conductor,  and  connect  the 

outer 
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outer  coating  with  the  cufhion,  or  a  negative 
conductor,  turn  the  cylinder,  and  the  bottle 
will  be  charged  with  its  own  electricity  ;  the 
fluid  from  the  exterior  coating  being  tranf- 
ferred  to  the  interior  one. 

Experiment  LXXXVI. 

Charge  the  two  bottles,  fig.  43,  pofitively  ; 
connect  their  outfide  coatings  by  a  wire  or 
chain,  then  bring  their  knobs  together,  there 
will  be  no  fpark  between  them,  and  the  bottles 
will  not  be  difcharged,  becaufe  neither  fide 
has  any  thing  to  communicate  to  the  other. 

Experiment  LXXXVII. 

Charge  the  infulated  bottle,  fig*  43,  nega- 
tively, and  the  other  pofitively  ;  connect:  the 
coating  by  a  chain,-  and  bring  the  knobs  to- 
wards each  other,  aft  explofion  will  take  place, 
and  the  bottles  will  be  difcharged.  If  a  lighted 
candle  is  placed  between  the  knobs,  the  ex- 
plofion will  be  made  through  the  flame  in  a 
beautiful  manner,  and  at  fome  inches  diftance; 
See  fig.  44* 

Experiment  LXXXVIlt 

Fix  a  quadrant  electrometer  to  the  ball  of 
a  Leyden  bottle,   and  charge  it  negatively  ; 

when 
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when  it  has  received  a  full  charge  the  index 
will  ftand  at  90  degrees  ;  then  place  the  bottle 
with  its  electrometer  at  the  pofitive  conductor,' 
turn  the  cylinder,  the  electrometer  will  de- 
fcend,  and  the  bottle  will  be  difcharged  by  the 
contrary  electricity. . 

EXPERIMENT  LXXXIX. 

Infulate  two  Leyden  bottles ;  let  their  coatings 
be  in  contact,  and  while  you  charge  the  infide 
of  one  pofitively,  let  a  perfon,  Handing  on 
the  floor,  touch  the  top  of  the  other  with  his 
finger,  and  it  will  be  charged  negatively* 

Experiment  XC. 

L  M,  fig.  45,  reprefents  a  Leyden  jar,  which 
is  furnifhed  with  moveable  coatings  of  tin ; 
the  inner  one,  N,  may  be  removed  by  the  fjlk 
firings  f,  g,  h  ;  the  jar  may  be  taken  from  the 
outer  coating. 

Charge  the  jar,  and  then  remove  the  coat- 
ings, bring  a  pair  of  pith  balls  towards  the  jar, 
and  they  will  be  firongly  attracted  by  it ;  re- 
place the  coatings,  and  the  jar  will  give  a  con- 
siderable Ihock  ;  which  mews,  that  the  power 
or  force  of  the  charge  is  refident  in  the  glafs, 
and  not  in  the  coatings*- 
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Experiment  XCI. 

T  V,  fig.  46,  reprefents  a  bottle,  whofe  ex- 
terior coating  is  formed  of  fmall  pieces  of  tin- 
foil, placed  at  a  little  diftance  from  each  other. 
Charge  this  bottle  in  the  ufual  manner,  and 
llrong  fparks  of  electricity  will  pafs  from  one 
fpot  of  tiri-fbil  to  the  other,  in  a  variety  of  di- 
rections ;  the  feparation  of  the  tin-foil  making 
the  paffage  of  the  fluid  from  the  outride  to  the 
table  vilible.  Difcharge  this  bottle,  by  bring- 
ing a  pointed  wire  gradually  near  the  knob, 
and  the  uncoated  part  of  the  glafs  bet-ween  the 
fpots  will  be  pleafingly  illuminated,  and  the 
noife  will  referable  that  of  fmall  fired  crackers, 
If  the  jar  is  difcharged  fuddenly,  the  whole 
outfide  furfacc  appears  illuminated.  To  pro- 
duce thefe  appearances  the  glafs  mutt  be  very 
dry. 

Experiment  XCII. 

String  a  parcel  of  ihot  On  a  filk  firing,  leaving 
a  fmall  fpace  between  each  of  them ;  fufpend 
this  from  the  conductor,  fo  that  it  may  reach 
the  bottom  of  a  coated  phial,  which  is  placed 
on  an  infulated  fland  ;  connect  another  firing 
of  fhot  to  the  bottom  of  the  jar  and  let  it  com- 
municate with  the  table,  turn  the  machine,  and 
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a  vivid  fpark  will  be  feen  between  each  of  the 
fhot,  both  within  and  without  the  bottle,  as  if 
the  fire  paffed  through  the  glafs* 

Experiment  XCIII. 

Hold  a  phial  in  the  hand  which  has  ho  coat- 
ing on  the  outfide,  and  prefent  its  knob  towards 
an  electrified  conductor ;  the  fire,  while  it  is" 
charging,'  will  pafs  from  the  outfide  to  the 
hand,  in  a  pleafing  manner  ;  on  the  difcharge, 
beautiful  ramifications  will  proceed  from  that 
knob  of  the  difcharger  which  is  on  the  outfide 
ail  over  the  jar; 

Experiment  XCIV. 

Let  a  chaifi  be  fufpended  from  the  conductor 
and  pafs  into  an  uncoated  bottle,  fo  that  it 
does  not  touch  the  bottom  j  put  the  machine 
in  action,  and  the  chain  will  move  round,  in 
order,  as  it  were,  to  lay  the  fire  on  the  infide 
of  the  jar,  and  thus  charge  it  by  degrees. 

Experiment     XC  V. 

Fig.  47  reprefents  two  Leyden  phials,  placed 
»ne  over  the  other*  Various  experiments  may 
be  made  with  this  double  bottle,  which  are 

H  very 
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very  pleating,  and  elucidate  clearly  the  received 
theory. 

Bring  the  outfide  coating  of  the  bottle  A  in 
contact  with  the  prime  conductor,  and  turn  the 
machine  till  the  bottle  is  charged,  then  place 
one  ball  of  the  difcharging  rod  upon  the  coat- 
ing of  B,  and  with  the  other  touch  the  knob  of 
the  jar  A,  which  will  caufe  an  explofion.  Now 
place  one  ball  of  the  difcharger  on  the  knob  of 
A,  and  bring  the  other  ball  to  its  coating 
and  you  have  a  fecond  difcharge*  Again, 
apply  one  ball  of  the  difcharger  on  the  coating 
of  B,  and  carry  the  other  to  the  coating  of  Ay 
and  it  will  produce  a  third  explofion.  A  fourth' 
is  obtained  by  applying  the  difcharge  from  the 
coating  of  A  to  its  knob. 

The  outer  coating  of  the  upper  jar  commu- 
nicating with  the  infide  of  the  under  one,  con- 
veys the  fluid  from  the  conductor  to  the  large 
jar,  which  is  therefore  charged  pofitively  ;  the 
upper  jar  does  not  charge,  becaufe  the  infide 
cannot  part  with  any  of  its  electric  fluid  ;  but, 
when  a  -communication  is  formed  from  the 
outfide  of  A  to  the  infide  of  B,  part  of  the  fire 
on  the  infide  of  A  will  be  conveyed  to  the  ne- 
gative coating  of  B,  and  the  jar  will  be  dif- 
charged.  The  fecond  explofion  is  occafioned 
by  the  difcharge  of  the  jar  A;  but,  as  the  out- 
fide of  this  communicates  by  conducting  fub- 

ftances 
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fiances  with  the  pofitive  infide  of  the  jar  B,  if 
the  ball  of  the  difcharging  rod  remains  a  fmall 
time  after  the  difcharge  on  the  knob  of  A,  part 
of  the  fire  of  the  infide  of  A  will  efcape,  and 
be  replaced  by  an  equal  quantity  on  the  outfide 
from  the  jar  B,  by  which  means  A  is  charged 
a  fecond  time  ;  the  difcharge  of  this  produces 
the  third,  and  of  B  the  fourth  explofion. 

'The  contrary  State  of  the  two  oppofite  Sides 
of  a  charged  Leyden  Bottle,  Jhewn  by 
their  refpeSlive  attractive  and  repidjive 
Powers. 

Experiment  XCVI. 

Screw  the  bottle  H,  fig.  49,  with  the  belt  fide- 
ways  on  the  infulating  ftand,  as  in  fig.  48,  and 
charge  it  positively,  then  touch  the  knob  with  a 
|>air  of  pith  balls,  thefe  will  diverge  with  pofitive 
electricity  ;  hold  another  pair  to  the  coating, 
and  they  will  feparate  with  negative  elec- 
tricity.,- 

Experiment  XCVII. 

Electrify  two  pair  of  the  pith  balls  which  are 
fixed  to  the  brafs  tubes,  as  in  fig.  22,  PI.  II/ 
by  the  knob  of  a  pofitively  charged  bottle,  and 

H  2  place 
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place  them  at  a  fmalbdiftance  from  each-  othev, 
then  pufh  them  together  till  the  ends  of  the 
tubes  are  in  contact,  and  the  balls  will  remain 
in  the  fame  ftate  they  were  in  before  they  were 
brought  together,  becaufe  their  electricity  is 
of  the  fame  kind.  The  refult  is  the  fame  if 
both  pair  are  electrified  by  the  coating  ;  but  if 
one  pair  is  electrified  by  the  coating  and  the 
other  by  the  knob,  when  they  are  brought  in 
contact  they  immediately  clofe. 

Experiment  XCVTfl. 

A  cork  ball,  or  an  artificial  fpider  made  of 
burnt  cork  with  legs  of  linen  thread,  fufpended 
by  filk,  will  play  between  the  knobs  of  two1 
bottles,  one  of  which  is  charged  pofitively,  the 
other  negatively,  and  will  in  a  little  time  dif- 
charge  them. 

Experiment  XCIX. 

A  ball,  fufpended  on  filk,  and  pkced  be- 
tween two  brafs  balls,  one  proceeding  from  the 
outride,  the  other  from  the  infide  of  a  Leyden 
jar,  when  the  bottle  is  charged,  will  fly  from 
one  knob  to  the  other,  and  by  thus  conveying  the 
fire  from  the  infide  to  the  outfide  of  the  bottle, 
will  Toon  difcharge  itr 
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Experiment  C. 

An  infulated  cork  ball,  after  having  received 
a  fpark,  will  not  play  between,  but  be  equally 
repelled  by  two  bottles  which  are  charged  with 
the  fame  power. 

Experiment  CI. 

At  fig.  58  a  wire  is  fixed  to  the  under  part 
of  the  infulated  coated  phial,  b  c  another  wire 
fitted  to,  and  at  right  angles  with  the  former, 
a  brafs  fly  is  placed  on  the  point  of  this 
wire  ;  charge  the  bottle,  and  all  the  time 
the  bottle  is  charging  the  fly  will  turn  round ; 
when  the  bottle  is  charged  the  needle  flops. 
Touch  the  top  of  the  bottle  with  a  finger,  or 
any  other  conducting  fubftance,  and  the  fly 
will  turn  again  till  the  bottle  is  difcharged. 
The  fly  will  ele&rify  a  pair  of  balls  pofitively 
while  the  bottle  is  charging,  and  negatively 
when  difcharging, 

^Experiment  CII. 

Place  a  clean  dry  and  excited  pane  of  glafs, 
about  one  foot  fquare,  on  an  infulated  box  with 
pith  balls,  it  will  caufe  the  balls  to  diverge 
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with  pofitive  electricity,  and  they  will  continue 
to  repell  each  other  upwards  of  four  hours  in 
dry  air.  When  the  balls  come  together,  re- 
move the  glafs,  and  they  will  open  with  nega- 
tive electricity ;  replace  the  glafs,  and  they 
will  clofe  ;  remove  it,  and  they  will  open  • 
again  ;  and  thus  alternately,  as  long  as  any 
electricity  remains  in  the  glafs. 

If  the  pane  of  glafs  be  placed  in  a  frame  of 
wood,  and  a  light  pith  or  cork  ball  be  laid  on 
its  furface,  on  prefenting  towards  it  the  end  of 
a  finger,  or  the  point  of  a  pin,  the  ball  will 
recede  from  them  with  a  very  briflk.  motion, 
and  may  thus  be  driven  about  on  the  furface  of 
the  glafs,  like  a  feather  in  the  air  by  an  excited 
tube.  The  ball  being  deprived  of  its  electri- 
city by  the  pin,  it  inftantly  flies  to  that  part 
4>f  the  glafs  which  attracts  it  moft  forcibly. 

To  excite  the  pane  of  glafs  ;  lay  it  upon  a 
quire  of  large  paper,  well  dried,  and  then  rub 
it  with  a  piece  of  clean  dry  flanneh 
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*Tjje  contrary  States  of  the  different  Sides  of 
a  Ley  den  Phial,  and  tfe  Direction  of  the 
Electric  Fluid  in  the  Charge  and  Dif- 
fharge  thereof  invefigated  by  the  Appear- 
ances of  the  Electric  Light. 

In  chapter  6  we  obferved,  that  the  differ- 
ent appearances  of  light  on  electrified  points 
was  deemed  a  criterion  of  the  direction  of  the 
electric  fluid.    That  the  luminous  ftar,  or  glo- 
bule, mews  the  point  is  receiving  the  electric 
matter,  whilft  the  luminous  brum,  or  cone, 
indicates  that  it  is  proceeding  from  the  point. 
We  mail  now  examine  the  ftates  of  the  differ- 
ent fides  of  the  Leyden  bottle  by  thefe  appear- 
ances.    For  this,  and  many  other  purpofes, 
the  apparatus  which  is  reprefented  in  fig.  49 
will  be  found  very  convenient  ;  I  have  en- 
deavoured to  combine  the  parts  of  it  in  fuch 
manner  as  will  render  the  apparatus  extenfively 
ufeful,   without  being  complicated.    A  is  an 
infulated  pillar  of  glafs,  which  is  fcrewed  to 
the  wooden  foot  B  ;  all  the  different  parts  of 
the  apparatus  may  be  fcrewed  alternately  on 
this  pillar.    C  is  an  exhaufled  tube  of  glafs, 
furnifhed  at  each  end  with  brafs  caps ;  at  the 
end  D  is  a  valve,  properly  fecured  under  the 

H  4  brafs 
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brafs  plate,  a  brafs  wire  with  a  ball  proje&s 
from  the  upper  cap,  a  pointed  wire  proceeds 
from  the  bpLtom  plate  ;  this  tube  is  called  the 
luminous  conductor.  The  flafk,  reprefcnted 
at  E,  is  called  the  Leyden  vacuum.  It  is  fur- 
nilhed  with  a  valve  under  the  ball  E  ;  this  ball 
unfcrews,  in  order  to  come  more  readily  at  the 
valve ;  a  wire,  with  a  blunt  end,  projects  a 
little  below  the  neck  of  the  flafk,  the  bottom 
of  the  flafk  is  coated  with  tin-foil,  a  female 
fcrew  is  cemented  to  the  bottom,  in  order  to 
fcrew  it  on  the  pillar  A. 

F  is  a  fyringe  to  exhauft  the  air  occafionally 
either  from  the  luminous  conductor,  or  the 
Leyden  vacuum.    To  do  this ;  unfcrew  the 
ball  of  the  Leyden  vacuum,  or  the  plate  of  the 
luminous  conductor,  and  then  fcrew  the  fyringe 
in  the  place  of  either  of  thefe  pieces,  being 
careful  that  the  bottom  of  the  female  fcrew  G 
bears  clofe  again  ft  the  leather  which  covers  the 
moulders  ab,  cd,  then  work  the  fyringe,  and 
in  a  few  minutes  the  glaffes  will  be  fufficiently 
exhaufted.     H  and  I  are  two  Leyden  bottles, 
each  of  which  has  a  female  fcrew  fitted  to  the* 
bottom,  in  order  that  they  may  be  conveniently 
fcrewed  on  the  pillar  A.    The  bottle  H  is  fur- 
mmed  with  a  belt,  that  it  may  be  fcrewed  fide- 
ways  on  the  pillar  A.    K  and  L  are  two  final! 
wires,  which  are  to  fcrew  occafionally  into 

either 


ON   ELECTRICITY.  105 

cither  the  ball  E,  the  knobs  e  or  f,  the  cap  C, 
&r  the  focket  g,  on  the  top  of  the  pillar  ;  the 
balls  may  be  unfcrewed  from  thefe  wires, 
which  will  then  exhibit  a  blunt  point.  M  is  a 
wooden  table,  to  be  fcrewed  on  the  glafs  pillar 
occasionally. 

Experiment  CIII. 

Screw  the  jar  I  on  the  infulating  pillar?  and 
the  pointed  wire  into  the  hole  g,  place  another 
pointed  wire  at  the  end  of  the  conductor,  bring 
the  knob  of  the  jar  near  this  wire,  and  then 
turn  the  cylinder,  a  pencil  of  rays  will  diverge 
from  the  pointed  wire  in  the  conductor  to  the 
knob  of  the  jar,  at  the  fame  time  another  pen- 
cil of  rays  will  diverge  from  the  point  at  the 
bottom  into  the  air.    See  fig.  50. 

Repeat  this  experiment  with  the  negative 
conductor,  and  a  luminous  fear  will  appear  pn 
the  end  of  each  wire. 

Experiment  CIV. 

Screw  a  pointed  wire  into  the  knob  of  the 
jar,  (fee  fig.  51)  charge  the  bottle  pofitively, 
the  fire  will  l^e  received  from  the  conductor  by 
the  pointed  wire,  and  appear  there  as  a  lumi- 
nous ftar,  while  the  wire  on  the  outfide  of  the 
jar  will  throw  off  a  diverging  cone. 

Fig. 
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Fig.  52  reprefents  the  foregoing  appearance? 
reverfed,  by  charging  the  jar  negatively  at  the 
pofitive  conductor. 

This  experiment  may  be  further  varied, 
by  applying  the  bottle  to  a  negative  con- 
ductor 

Experiment  CV. 

After  the  jar  is  charged,  as  in  the  foregoing 
experiments,  turn  that  wire  from  the  cylinder 
which  before  was  neareft  to  it,  then  put  the 
machine  in  action,  and  the  afflux  and  efflux 
will  be  more  apparent  than  before  ;  one  point 
throwing  off,  and  the  other  receiving  the  fluid 
with  extreme  avidity,  which  will  in  a  little 
time  difcharge  the  jar. 

Experiment   .  C VI. 

Charge  the  jar  as  before,  then  touch  the 
wire  which  is  connected  with  the  negative 
fide,  and  the  oppofite  wire  will  throw  off  a. 
diverging  cone  ;  but,  if  the  pofitive  fide  is 
touched,  a  luminous  cone  only  will  be  feen  ori 
the  other  wire. 

Experiment  CVII. 

Fig.  53  is  an  electric  jar,  B  B  the  tin-foil 
eoating,  C  a  {land  which  fupports  the  jar,  D  a 

fpcket 
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focket  of  metal  which  carries  the  glafs  rod  E ; 
a  curved  metallic  wire,  pointed  at  each  end, 
js  fixed  to  the  end  of  the  rod  G,  which  rod  is 
moveable  at  pleafure  in  a  fpring  tube  N,  that 
tube  being  fixed  by  a  focket  upon  the  top  of 
the  glafs  rod  E,  the  charging  wire  communi- 
cates with  the  different  divifions  of  the  infide 
coating  of  the  jar  by  horizontal  wires. 

Place  the  jar  as  ufual,  and  put  the  machine 
jn  action,  a  fmall  luminous  fpark  will  appear 
upon  the  upper  point  of  the  wire  F,  (a  plain 
indication  that  the  point  is  then  receiving  elec- 
tricity from  the  upper  ring  of  the  coating  on 
the  outlide  of  the  jar)  a  fine  ftream  or  pencil  of 
rays  will  at  the  fame  time  fly  off,  beautifully 
diverging  from  the  lower  point  of  the  wire  F 
upon  the  bottom  ring  of  the  coating  on  the  jar ; 
when  thefe  appearances  ceafe,  which  they  will 
as  foon  as  the  jar  is  charged,  let  a  pointed  wire 
be  prefented  towards  the  prime  conductor, 
this  will  foon  difcharge  the  jar  filentlv,  during 
which,  the  lower  point  will  be  illumined  witty 
a  fmall  fpark,  while  the  upper  point  of  the  wire 
will  hrow  off  a  pencil  of  rays,  diverging  to- 
wards the  upper  ring  of  the  coating. 

Experiment  CVIII. 

Take  a  Leyden  phial,  the  neck  of  which 
Daould  not  be  very  broad,  fet  the  coating  on  - 

the 
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the  conductor,  and  charge  it  negatively  ;  when 
charged,  if  not  too  dry,  the  upper  edge  of  the 
coating  will  throw  off  one  or  more  brumes  of 
light  into  the  air,  which  will  vifibly  incline  to- 
wards the  charging  wire  of  the  bottle,  and 
fometimes  actually  reach  it.  Prefent  the  knob 
to  the  prime  conductor,  and  charge  the  jar  po- 
fitively,  a  fmall  fpark  of  light  will  firft  appear 
on  the  edge  of  the  cork  in  the  neck  of  the  bot- 
tle, through  which  the  wire  paffes  after  a  few 
turns  of  the  cylinder ;  this  fpark  becomes  a 
brum,  darting  out  from  the  cork,  and  gradually 
lengthening  till  it  forms  an  arch,  the  end  of  it 
extending  downwards  till  it  reaches  and  touches 
the  end  of  the  coating.  If  the  bottle  be  dry, 
it  will  in  both  cafes  be  difcharged  fpontaneoufly. 
See  fig.  54  and  55. 

Experiment  CIX. 

An  infulated  pofitively  charged  bottle  will 

give  a  fpark  from  its  knob  to  an  excited  ftick 

of  wax,  while  no  fpark  will  pafs  between  it  and 

an  excited  glafs  tube. 

/ 

Experiment  CX. 

An  analyfis  of  the  Leyden  phial,  by  means 
of  the  Leyden  vacuum  E,  fig.  49. — -Screw 

this 
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this  on  the  infulatcd  ftand,  with  the  pointed 
wire  from  the  bottom.  Fig.  56  reprefents  the 
appearance  of  the  fluid  on  the  points  when  the 
bottle  is  charging  negatively,  at  a  conductor 
loaded  with  pofitive  electricity. 

Fig.  57  the  appearances  it  difplays  when  it 
is  charging  pofkively  at  the  fame  conductor. 

Fig.-  59  is  the  fame  bottle  charging  pofkively 
at  a  negative  conductor.  Fig.  60  it  is  charging 
negatively  at  the  fame  conductor. 


Experiment  CX(. 

Fig.  61  reprefents  the  luminous  conductor" 
6n  the  infulating  ftand.  Set  the  collecting 
point  near  the  cylinder,  and  place  the  knob  of 
an  uncharged  phial  in  contact:  with  the  ball, 
or  hang  a  chain  from  it  to  the  table,  and,  orr 
working  the  machine,  the*  ball  will  be  envelo- 
ped in:  a  denfe  electric  atmofphere«  If  the 
point  be  brought  in  contact  withj  an  infulated 
rubber,  and  a  communication  is  made  from  the 
ball  to  the  table,  the  atmofphere*  will  be  on  the 
point  in  the  tube.  If  a  bottle,  pofitively 
charged^  be  prefented,  the  appearances  in  the 
tube  will  be  as  delineated  in  fig.  62.  But, 
if  a  bottle  negatively  charged  be  .  thus  ap- 
plied, the  appearance  will  be  as  in  fig.  61. 

Thi* 
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This  tube,  when  mounted  on  its  infulating 
ftand,  may  be  ufed  inflead  of  the  prime  con- 
ductor, and  all  the  cdmmon  experiments  may- 
be performed  with  it  ;  the  tube  will  be  lumi- 
nous during  the  whole  of  the  operation, 

Of  the  DireBion  of  the  Eieclric  Matter,  in 
the  Difcharge  of  the  Leyden  Phial. 

Experiment  CXII. 

Place  a  charged  jar  on  a  fmall  glafs  ftand 
under  the  receiver  of  an  air  pump  ;  as  the  re- 
ceiver is  exhauffing  the  electric  fire  will  iffue 
from  the  wire  of  the  phial,  in  a  very  lumi- 
nous pencil  of  rays,  arid  continue  flaming  to 
the  coating  till  the  air  is  exhaufted,  when  the 
jar  will  be  found  to  be  difcharged. 

If  the  phial  is  charged  negatively,  the  cur- 
rent of  fire  will  appear  to  have  a  different  di- 
rection from  that  which  it  had  before. 

From  this  experiment  we  may  infer  the" 
effects  of  the  atmofpheric  preffure  upon  the 
charge  of  the  Leyden  phial,  and  learn  that  it  \$ 
the  natural  boundary  to  every  charge  of  electri- 
city we  Can  give  ;  and,  confequently,  that  a 
phial  would  contain  double  the  charge,  in  air 
doubly  condenfed,  as  it  does  in"  the  common' 

atmo- 
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atmofphcre,  fince  it  would  iricreafc  the  intensity 
of  the  electric  atmofp'herew 

Experiment  CXIII. 

Place  a  fmall  lighted  taper  between  the  two 
balls  of  the  univerfal  difcharger,  then  pafs  a 
very  fmall  charge  of  a  pofitive  phial'  through 
them,  and  the  flame  of  the  taper  will  be  at-*' 
tracted  in  the  direction  of  the  fluid  towards  the 
coating*    See  fig.  63. 

Experiment  CXIV. 

The  fame  fmall  charge  from  a  negative  bottle 
will  reverfe  the  appearance. 

In  both  thefe  experiments  it  is  neceffary  to 
life  the  lean:  charge  that  can  be  given,  juft 
fufficient  to  leap  the  interruption  in  the  cir- 
cuit. 

Experiment  CXV. 

Place  a  card  on  the  table  of  the  univerfal 
difcharger,  and  bring  one  of  the  points  under 
the  card,-  then  connedl  this  point  with  the  coat- 
ing of  a  jar  pofitively  charged,  place  the  other 
point  on  the  top  of  the  card,  and  at  about  an 
inch  and  a  half  from  the  former ;  now  compleat 
the  circuit,,   by  bringing  a  difcharging  rod' 

from 
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from  the  laft  wire  to  the  top  of  a  bottle,  and 
the  electricity  will  pafs  through  the  upper  wire^ 
along  the  furface  of  the  card,  till  it  comes  to 
the  point  which  is  underneath,  where  it  wilr 
make  a  hole  in  the  card,  and  pafs  through 
the  wire  to  the  coating  of  the  bottle:  Sec 
fig.  64. 

EXPERIMENT  CXVI. 

Four  cork  balls,  A,  B,  C,  D,  being  placed 
at  equal  diftances  from  each  other,  from  the 
tails  of  the  difeharging.  rod,  and  from  the 
coating  of  a  pofitively  charged  bottle  ;  on  ma- 
king the  difcharge^  the  ball  A  next  the  rod 
was  repelled  to  B,  which  was  again  repelled  td 
G,  C  remained  immoveable,  but  D  flew  to  the 
coating  of  the  bottle; 

Experiment  CXVlt. 

Take  a  card,  and  paint  both  fides  with  cm* 

nabar  about  the  breadth  of  the  finger,  fix  thisf 

card  vertically  by  a  little  wax  on  the  table  of 

the  univerfal  difcharger,  let  the  pointed  ends  of 

one  of  the  wires  touch  one  fide  of  the  card, 

and  the  end  of  the  other  wire  the  oppofite  fide  ; 

the  diftance  of  the  points  from  each  other  muft 

be  proportioned  to  the  Itrength  of  the  charge  ; 

difcharge 
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dtfcharge  a  jar  through  the  wires,  and  the 
black  mark,  left  by  the  explofion  on  the  co- 
loured band,  fhews  that  the  electric  fluid  paffed 
from  the  wire,  communicating  with  the  inflde 
of  the  bottle,  to  that  which  communicates 
with  the  outride,  againft  which  it  makes  a 
hole. 

i 

Experiments  which  feem  to  militate  againjl 
the  received  Theory  of  Eleflricity. 

Experiment  GXVlH. 

Let  the  furfaces  of  an  electric  plate  be  very* 
flightly  charged  and  infulated,  let  an  inter- 
rupted circuit  be  formed,  the  two  powers  will 
be  vifible,  illuminating  the  points  of  the  inter- 
rupted oircuits,  and  each  power  will  appear  to 
extend  farther  from  the  furface  contiguous  to 
it,  the  ftrongef  the  charge  is  communicated  to 
the  plate  ;  but,  if  the  illuminations'  on  each 
fide  meet,  there  will  immediately  follow  an 
explofion  of  the  whole  charge* 

Experiment  CXIX. 

If  a  cylindrical  plate  of  air,  contained  in  the 
receiver  of  an  air-pump,  be  charged,  it  is  ob- 

I  feryed, 
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ferved,  the  more  air  that  is  exhaufted  from 
between  the  furfaces  the  more  eafily  the  pow- 
ers will  unite. 

Experiment  CXX. 

If  an  exhaufted  receiver  be  made  part  of  the 
electric  circuit,  and  the  charge  fhould  not  be 
fufficient  to  caufe  an  explofion,  an  electric  light 
will  appear  to  proceed  in  oppofite  direction 
from  the  parts  communicating  with  the  nega- 
tive and  pofkive  furfaces. 

Experiment  CXXI. 

Let  a  coated  phial  be  fet  on  an  infulating 
{land,  and  let  its  knob  be  touched  by  the  knob 
of  another  phial  negatively  electrified,  a  fmall' 
fpark  will  be  feen  between  them,  and  both 
fides  of  the  infulated  phial  will  be  inftantly 
negatively  electrified.  * 

EXPE  R  I  M  E  N  T  CXXII. 

*  Faften  a  pith  bail  electrometer  by  a  little 
wax  to  the  outfide  coating  of  a  jar,  charge 
the  jar  /lightly  with  pofitive  electricity,  and  fet 

1C 

*  Encyclopaedia  Brittanica,  Vol.  IV,  p.  2698. 
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ft  on  an  infulated  ftand,  the  ball  will  cither  not 
diverge,  or  only  a  very  little  ;  bring  the  knob 
of  a  bottle  which  is  ftrongly  charged  with 
pofitive  electricity  near  the  knob  of  the  former, 
and  the  balls  will  diverge  with  pofitive  elec- 
tricity.' 

Experiment  CXXIII. 

Let  the  fame  phial,  with  the  pith  balls  af- 
fixed to'  its  Outride  coating,  be  ftightly  charged 
negatively,  and  then  infulated,  bring  the  knob 
of  a  phial,  which  is  ftrongly  electrified  nega- 
tively, to  that  of  the  infulated  one,  and  the 
pith  balls  will  diverge  with  negative  electri- 
city. 

Experiment  CXXIV. 

Charge  a  jar  positively,'  and  then  infulate  iiy 
charge  another  ftrongly  with  negative  electri- 
city, bring  the  knob  of  the  negative  bottle  near 
that  of  the  pofitive  one,  and  a  thread  will  play 
between  them  ;  but,  when  the  knobs  touch 
each  other,  the  threads,  after  being  attracted, 
will  be  repelled  by  both.  The  negative  elec- 
tricity is  fome-how  mper'mduccd  on  the  pofitive,- 
and,  for  a  few  minutes  after  they  are  feparatcdy 

I  2  both 
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both  will  appear  negatively  electrified  ;  bur, 
if  the  finger  is  brought  near  the  knob  of  that 
bottle  on  which  the  negative  electricity  was 
fuperinduced  it  will  inftmtly  be  diffipated,  a 
fmall  fpark  will  ftrike  the  finger,  and  the  bot- 
tle will  be  pofitively  charged  as  before. 


CHAP, 
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CHAP.  VIII. 

Of  the  Ek£t)-ical  Battery,  and  the  lateral 
Explojion  of  charged  Jars. 

TO  increafe  the  force  of  the  electric  ex-, 
plofion,  feveral  Ley  den  phials  are  con- 
nected together  in  a  box  ;  this  collection  is 
termed  an  electrical  battery.  Fig.  65  repre- 
fents  one  of  the  moft  approved  form. 

The  bottom  of  the  bpx  is  covered  with  tin- 
foil, to  connect  the  exterior  coatings  j  the  in- 
lide  coatings  of  the  jars  are  connected  by  the 
wires  b,  c,  d,  e,  f,  g,  which  meet  in  the 
large  ball  A;  C  is  a  hook  at  the  bottom  of 
the  box,  by  which  any  fubftance  may  be  con- 
nected with  the  outride  coating  of  the  jars  ; 
a  ball  B  proceeds  from  the  iniide,  by  which 
the  circuit  may  be  conveniently  compleated. 
The  following  precautions  are  neceffary  to  be 
attended  to  by  thofe  who  make  ufe  of  an  elec- 
trical battery. 

To  keep  the  top  and  uncoated  part  of  the 
jars  dry  and  free  from  duft,  and  after  the  ex- 
plofion  to  connect  a  wire  from  the  hook  to  the 
ball,  which  Ihould  be  left  there  till  the  battery 
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is  to  be  charged  again,  which  will  totally  ob- 
viate the  inconveniencies  that  have  occafi- 
pnally   happened  from  the  refiduum  of  a 

charge. 

If  one  jar  in  a  battery  is  broke  it  is  impoffi- 
ble  to  charge  the  reft  till  the  broken  jar  is 
removed. 

To  prevent  the  jars  of  a  large  battery  break- 
ing at  the  time  of  the  explofion,  it  has  been 
recommended  not  to  djfcharge  a  battery  through 
a  good  conductor,  except  the  circuit  is  at  lcaft 
£ve  feet  long ;  but  what  is  gained  on  one  hand 
by  this  method  is  loft  on  the  other,  for,  by 
lengthening  the  circuit  the  force  of  the  Ihock. 
is  weakened  proportionably. 

I  have  been  informed,  that  it  is  very  diffi- 
cult to  break  by  an  explofion  the  jars  which 
are  made  of  green  glafs,  fabricated  at  NewT 
caftle,  but  have  had  no  opportunity  to  make 
any  experiments^on  this  glafs  myfelf. 

The  force  of  a  battery  may  be  confiderably 
increafed  by  concentrating  the  fpark  from  the 
explofion,  which  is' effected  by  caufing  it  to 
pafs  through'  fmall  circuits  of  non-conducting 
iubftances.  By  this  means  the  refilling  medi- 
um, through  which  the  fpark  is  to  pafs,  may 
be  fo  prepared  as  to  augment  its  power.  If  the 
fpark  is  made  to  pafs  through  a  hole  in  a  plate 
of  glafsj  one  twelfth  or  one  fixth  part  of  an 

inch 
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inch  in  diameter,  it  will  be  lefs  diffipatcd, 
more  compadt  and  powerful.  If  the  part  round 
the  hole  is  wetted  with  a  little  water,  the  fpark, 
by  converting  this  into  vapour,  may  be  con- 
veyed to  a  greater  diftance,  with  an  increafe  of 
rapidity,  attended  with  a  louder  noife  than 
common. 

Mr.  Morgan,  by  attending  to  thefe  and  fome 
other  circumftances,  has  melted  wires,  &c. 
with  fmall  bottles.  I  hope  he  will  be  induced 
to  communicate  this,  as  well  as  the  reft  of 
his  important  difcoveries,  to  the  public. 

Experiment  CXXV. 

Pafs  the  charge  of  a  ftrong  battery  through 
two  or  three  inches  of  fmall  wire,  it  will  fome- 
times  appear  red  hot,  firfl  at  the  pofitivc  fide, 
and  the  rednefs  will  proceed  regularly  towards 
the  oilier  end. 

Experiment  CXXVT, 

Difcharge  a  battery  through  a  quire  of  pa- 
per, %  perforation  will  be  made  through  it ; 
each  of  the  leaves  is  protruded  by  the  ftroke 
from  the  middle  towards  the  outward  leaves,  as 
if  the  fire  darted  both  ways  from  the  center. 
If  the  paper  is  very  dry,  the  fire  meets  with 

I  4  more 
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more  difficulty  in  its  paffage,  and  the  hole  is 
fmall.  If  that  part  of  the  paper,  through 
which  the  explofion  is  made,  is  wet,  the  hole 
is  larger,  the  light  more  vivid,  and  the  ex? 
plofion  louder. 

Experiment  CXXVII. 

The  difcharge  of  a  battery  through  a  fmall 
fteel  needle  will,  if  the  charge  is  fufficient, 
communicate  ma'gnetifm  to  the  needle. 

Experiment  CXXVIIL 

The  difcharge  of  a  battery  through  a  fmall 
and  {lender  magnetic  needle,  will  generally  de- 
ftroy  the  polarity  of  the  needle,  and  fometimes 
invert  the  poles  thereof.  To  fucceed  in  this 
experiment,  it  is  often  neceflary  to  pafs  feveral. 
ftrong  charges  through  the  needle  before  it  is 
removed  from  the  circuit. 

It  appears,  from  Beccaria's  experiments, 
that  the  magnetic  polarity,  which  is  commu- 
nicated to  the  needle  by  electricity,  depends 
•on  the  "ppfition  of  the  needle  when  the  charge 
is  fent  through  it,  anp!  is  not  regulated  by  the 
direction  of  the  electric  matter  in  entering  the 
needle. 

Ex- 
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tXPERIMF.  NT  CXXIX. 

Difcharge  a  battery  through  a  flender  piece 
pi  wire,  ex.  gr.  one  50th  of  an  inch  in  diameter, ' 
the  wire  will  be  broken  to  pieces,  or  melted, 
fo  as  to  fall  on  the  table  in  glowing  balls. 

When  a  wire  is  melted  in  this  manner,  the 
fparks  fly  frequently  to  a  confiderable  diftance, 
being  fcattered  by  the  explolion  in  all  direc- 
tions. 

If  the  force  of  the  battery  is  very  great,  the 
wire  will  be  entirely  difperfed  by  the  force  of 
the  explolion.  Small  particles  of  fuch  fubr 
ftances  as  cannot  be  eafily  drawn  into  wire,  as 
platina,  grain  gold,  ores,  &c.  may  be  placed 
in  a  groove  of  wax,  and  then  put  into  the  cir- 
cuit, if  a  difcharge  of  fufficicnt  ftrength  is 
paflfed  through  them  they  will  be  melted. 

The  force  by  which  wires  are  melted  by  a 
battery  varies  with  the  length  of  the  circuit,  as 
the  fluid  meets  with  more  refiftance  in  propor- 
tion as  the  paffage  through  which  it  is  to  pafs 
is  longer.  Dr.  Prieftley  could  melt  nine  in- 
ches of  fmall  iron  wire  at  the  diftance  of  15 
feet,  but  at  twenty  feet  diftance  he  could  only 
zvake  6  inches  of  it  red  hot. 


Ex- 
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Experiment  CXXX. 

4 

Inclofe  a  very  flerider  wire  in  a  glafs  tube, 
difcharge  a  battery  through  this  wire,  and  it 
will  be  thrown  into  globules  of  different  fizcsr 
which  may  be  collected  from  the  inner  furface 
of  the  tube  :  they  are  often  found  to  be  hollow, 
and  little  more  than  the  fcoria  of  the  metal. 

Many  experiments  have  been  made,  in  order 
to  try  the  different  conducting  powers,  of  me- 
tals, by  paffing  the  difcharge  of  a  battery 
turough  them  ;  but  it  has  not  yet  been  deter- 
mined, whether  the  greater  facility  with  which 
fbme  metals  are  exploded  depends  on  the  eafe 
with  which  the  fluid  pafTes  through  them,  or 
whether  it  proceeds  from  the  degree  of  refin- 
ance they  make  to  its  palfage,  or  from  a  want 
of  ductility  in  the  metal,  which  is  therefore 
lefs  capable  of  expanfion,  U- 

Experiment  CXXXI. 

Difcharge  a  battery  through  a  chain  which 
laid  on  paper,  and  black  marks  will  be  left 
on  the  paper  in  thofe  places  where  the  rings  of 
the  chain  touch  each  other  ;  the  rings  will  be 
more  or  lefs  melted  at  thofe  places. 

Ex, 
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Experiment  CXXXII. 

Take  two  pieces  of  window  glafs,  of  about 
3  by  2  inches,  place  a  flip  of  brals  or  gold  leaf 
between  them,  leaving  the  metallic  leaf  out  be- 
yond the  glafs  at  each  end  ;  then  place  the  two 
pieces  of  glafs  in  the  prefs  of  the  univerfal  dif- 
charger,  bring  the  points  of  the  wires  E  T, 
EF-,  fig.  33,  to  touch  the  ends  of  the  leaves, 
and  pafs  a  difcharge  through  them,  which  will 
force  part  of  the  metal  into  the  glafs,  and  ftam 
it  with  a  colour  which  differs  from  the  metal 
that  is  made  ufe  of.  The  metallic  leaf  fnould 
be  made  narrower]:  in  the  middle,  becaufe  the 
force  of  the  electric  fire  is  in  proportion  to  its 
denfity,  which  is  increafed  when  the  fame  quan- 
tity of  fire  is  compelled  to  pafs  through  fewer 
conducting  particles-. 

The  explofion  in  melting  the  ftripes  of  leaf- 
gold,  &c.  renders  them  non-conducting,  and 
lefs  capable  after  each  difcharge  to  tranfmit 
another.  Some  particles  of  the  metal  are  driven 
into  the  glafs,  which  is  really  melted  ;  thofe 
parts  of  the  metal  which  lye  contiguous  to  the 
glafs  are  the  molt  perfectly  fufed.  The  pieces 
of  glafs  which  cover  the  flip  of  metal  are  gene- 
rally broken  to  pieces  by  the  dilcharger. 

4  /<*  it  S), 
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Experiment  CXXXIII. 

Place  a  thick  piece  of  glafs  on  the  ivory  plate 
©£  the  univcrfal  difcharger,  fig.  3,  PI.  II,  and 
a  thick  piece  of  ivory  on  the  glafs,  on  which  a, 
weight  from  one  to  feven  pounds  is  to  be  pla- 
ced ;  bring  the  points  of  the  wires  EF  ET 
againfl  the  edge  of  the  glafs,  and  pafs  the  dif- 
cliarge  through  the  wires,  by  connecting  one  of 
the  wires,,  as  EF,  with  the  hook  C  of  the  baN. 
tery,  fig.  65,  PI.  IV,.  and  forming  a  communi- 
cation, when  the  battery  is  charged,,  from  the 
other  wire  ET  to  the  ball,  and  the  glafs  will 
he  broken,  and  fome  part  of  it  fhivered  to  an. 
impalpable  powder,  When  the  piece  of  glafs. 
is  flrong  enough  to  refift  the  fhock,  the  glafs 
is  often  marked  by  the  explofion  with  the  moft 
lively  and  beautiful  colours,,  I  have  been  in- 
formed by  Mr.  Morgan,  that  if  the  glafs  is 
cemented  down  the  effect  is  the  fame  as  when 
it  is  preffed  by  the  weights  ;  and  this  mode  is 
in  various  experiments  more  convenient. 


tXP E  R I  M  E  N  T  CXXXIV. 

If  the  difcharge  is  palled  under  the  piece  of 
ivory  with  the  weights  upon  it,  without  any 
clafs  between  the  piece  of  ivory  and  the  table 
*'  SH 
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GH  of  the  uniyerfal  difcharger,  the  weights 
will  be  lifted  up  by  the  lateral  force  of  the  dis- 
charge ;  the  number  of  weights  rauft  l*e  pro- 
portioned to  the  force  of  the  explofion., 

'i 

Experiment  CXXXV. 

Fig.  66,  a,  reprefents  an  infulated  rod,  nearly 
touching  a  charged  jar  d,  b  is  another  infulated 
■rod,  placed  in  a  line  with  and  near  to  the  for- 
mer ;  make  the  difcharge  by.  the  rod  e9  from 
which  a  chain  hangs  that  does  -not  touch  the 
bottom  of  the  jar,  and  the  rod  b  will  receive 
an  electric  fpark,  which  quits  it  again  almoft  m 
the  fame  inftant,  becaufe  the  finefl  threads 
hung  upon  it  will  not  be  electrified  by  the 
fpark. 

This  electrical  appearance,  without  the  cir- 
cuit of  a  difcharging  jar,  is  called  the  Lateral 
Explofion. 

If  pieces  of  cork,  or  any  light  bodies,  be 
placed  near  the  explofion  of  a  jar  or  battery, 
they  will  be  moved  out  of  their  place  in  aH  di- 
rections from  the  center  of  the  explofion  ;  and 
the  greater  the  force  of  the  explofion,  fo  much 
greater  will  the  diflance  be  to  which  they  are 
removed.  It  is  not  furprifing,  therefore,  that 
heavy  bodies  ihould  be  removed  to  conliderable 
diftances  by  a  ftrong  flafli  of  lightening.  Dr. 

rrieftie/ 
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Prieftlcy  apprehends,  that  this  fpecles  of  lateral 
force  is  produced  by  the  cxplofion  of  the  air 
from  the  place  through  which  the  electric  dis- 
charge paries; 

This  lateral  force  is  riot  only  exerted  in  the 
neighbourhood  of  an  cxplofion,  when  it  is 
made  between  pieces  of  metal  in  the  open  air, 
but  alfo  when  it  is  tranfmitted  through  pieces 
of  wire  that  are  not  thick  enough'  to  conduct  it 
perfectly/  The  fmaller  the  wire  is,  and  the 
greater  the  fufion,  the  greater  is  the  dhpcrfioii 
of  light  bodies  near  it: 

Experiment  CXXXVI. 

If  circuits,  different  in' length' and  of  differ- 
ent fubitances,  form  a  communication  between 
two  charged  furfaces  of  an  electric  plate,  it  is 
obfcrved,  the  difcharge  will  be  made  through 
the  belt  conductors,  whatever  be  the  length  of 
the  others. 

2.  If  circuits  of  the  fame  fubftance  be  dif-k 
fcrent  in  length,  the  difcharge  will  be  made 
through  the  fhorteft  of  them. 

3.  If  the  circuits  be  the  fame  in  every  re- 
flect, the  difcharge  will  be  made  through  ma- 
ny of  them  at  the  fame  time. 

I  have  been  informed  by  a  gentleman,  tha^ 
it  was  his  cuftom  to  make  a  variety  of  circuits' 

for 


> 


ON    ELECTRICITY,  li-j 

for  the  difchargeof  a  large  jar  or  battery ;  a«d4 
that  having  a  fufficient  number  of  thefe,  lib 
could  introduce  himfelf  into  one  of  them,  and 
take  his  part  of  the  fhock  without  inconveni- 
ence, it  even  was  not  difagreeable  ;  and  he 
could  by  this  means  leffen  the  fenfation  almoff 
to  nothing. 

Experiment  CXXXVII. 

Mr.  Henly  made  a  double  circuit,  the  frkft 
by  an  iron  bar,  one  inch  and  a  half  in  diame- 
ter, and  half  an  inch  thick  ;  the  fecond,  by 
four  feet  and  a  half  of  fmall  chain.  On  dis- 
charging a  jar,  containing  five  hundred  fqunre 
inches  of  coated  furfaee,  the  electricity  paffed 
in  both  circuits,  fparks  being  vifible  on  rive 
fmall  chain  in  manw  places.  On  making  the 
difchirge  of  three  jars,  containing  together  fix-* 
teen  fquare  feet  of  coated  furfaee,  through 
three  different  chains  at  the  fame  time,  fig.  6y, 
bright  fparks  were  vifible  in  them  all.  The 
chains  were  of  iron  and  brafs,  of  very  differ- 
ent lengths ;  the  fhorteft  ten  or  twelve  inches, 
the  longeft  many  feet  in  length*  When  thofe 
jars  were  difcharged  through  the  iron  bar  be- 
fore-mentioned, together  with  a  fmall  chain, 
three-quarters  of  a  yard  in  length,  the  whole 
chain  was  Mummed,  and  covered  throughout 

with 
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with  beautiful  rays,  like  briftles,  or  goldeft 
hair.  Having  placed  a  large  jar  in  contact 
with  the  prime  conductor,  and  affixed  to  the 
coating  of  it  an  iron  chain,  which  was  alfo  con- 
nected with  a  plate  of  metal,*  on  which  was 
made  the  difcharge  by  the  discharging  rod  ; 
this  done,  he  hooked  another  chain,  much 
longer,  and  of  brafs,  to  the  oppofite  fide  of 
the  jar,  and  brought  the  end  of  it  within  eight 
inches  and  an  half  of  the  metal  plate.  In  con- 
tail  with  this  end  a  fmall  oak  ftick  was  laid, 
eight  inches  long,  which  was'  covered  with 
faw-duft  of  fir- wood;  On  making  the  dif- 
charge upon  the  plate,  both  the  chains  were 
luminous  through  their  whole  lengths,  as  was 
alfo  the  'faw-duft,  which  was  covered  by  a 
ftreak  of  light,  making  a  very  pleafing  appear- 
ance. 

At  the  glafs-houfe  there  is  generally  a  great 
number  of  folid  flicks  of  glafs,  about  one  quar- 
ter of  an  inch  diameter ;  if  thefe  be  examined 
narrowly,  feveral  of  them  will  be  found  tubu- 
lar a  considerable  length  ;  the  diameter  of  the 
.cavity  feldom  exceeds  the  200th  part  of  an 
inch.  Select  and  break  off  the  tubular  part, 
which  may  be  filled  with  quickfilver  by  fuck- 
ing, care  being  taken  that  no  moifture  previ- 
ously infinuates  itfclf ;  the  tube  will  then  be 
prepared  for  the  experiments 
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Experiment  CXXXVIII. 

Pafs  the  mock  through  this  fmall  thread  of 
quickfilver,  which  will  be  inftantly  difploded, 
and  will  break  or  fplit  the  tube  in  a  curious 
manner.  * 

Experiment  CXXXIX. 

Take  a  glafs  tube,  the  bore  of  which  is  about 
o'ne  quarter  of  an  inch,  fill  it  with  watery  and 
ftop  the  ends  with  cork,  infert  two  wires 
through  the  corks  into  the  tube,  fo  that  their 
ends  may  nearly  touch,  make  the  ends  of  thefe 
part  of  a  circuit  from  a  battery  ;  on  the  dis- 
charge, the  water  will  be  difperfed  in  every  di- 
rection, and  the  tube  blown  to  pieces  by  the 
difcharge. 

The  electric  fluid,  like  common  fire,  con- 
verts the  water  into  an  highly  elaftic  vapour* 
Dr.  Franklin,  on  repeating  this  experiment 
with  ink,  could  not  find  the  leaft  ftain  upon 
the  white  paper,  on  which  the  tube  had  been 
placed.  Beccaria  parTed  the  lhock  through  a 
drop  of  water,  which  was  Supported,  in  the 
center  of  a  folid  g|afs  ball,  between  the  ends 
of  two  iron  wires,  and  the  ball  was  mivered  in 
pieces  by  the  explofion.    On  this  principle  he 

K  contrived 
*  Nlcholfon's  Introduulion  to  Philofophyj  p.  413. 
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contrived  what  he  calls  an  electrical  mortar, 
which  will  throw  a  fmall  leaden  ball  to  the  dif- 
tance  of  twenty  feet.  It  is  clear,  from  feveral 
of  the  foregoing  experiments,  that  the  electric 
fluid  endeavours  to  explode  in  every  direction 
the  parts  of  the  refilling  fub fiances  through 
which  it  pafTes. 

Experiment  CXL. 

Place  a  building,  which  is  formed  of  feve- 
ral loofe  pieces  of  wood,  on  a  wet  board  in  the 
middle  of  a  large  bafon  of  water,  let  the  elec- 
tric flam  from  a  battery  be  made  to  pafs  over 
the  board,  or  over  the  water,  or  over  both  ; 
the  water  will  be  flrongly  agitated,  and  the 
building  thrown  down.  The  report  is  louder 
than  when  the  explofion  pafTes  only  through 
the  air.  The  electric  fluid  endeavours  to  pals 
near  the  furface  of  the  water  where  it  meets 
with  more  refiftance,  than  if  it  is  forced  to  pafs 
through  it.  This  partly  arifes  from  the  power 
the  electric  fluid  has  of  raifing  an  expanfivc 
vapour  from  the  furface  of  the  water,  which 
drives  oft"  the  refifting  air. 

A  difcharge  pafled  over  the  furface  of  a  piece 
of  ice  will  leave  on  it  fmall  unequal  cavities, 
exhibiting  the  fame  appearance  as  if  a  hot 
chain  had  been  placed  on  it. 

A 
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A  difcharge  fent  through  a  gretn  leaf  tears 
the  furface  in  various  directions,  leaving  an 
image  in  miniature  of  fome  of  the  effecls  of 
lightening.    A  difcharge  will  pafs  to  a  certain 
distance  over  fpirit  of  wine,  without  inflaming 
it  ;  but,  if  the  diftance  is  increafed,  it  will  fet 
it  on  fire.     From  hence  it  appears,  that  the 
facility  with  which  the  electric  fire  is  tranfmit- 
ted  over  the  furface  of  moift  fubjftances,  de- 
pends oh  the  eafe  with  which  they  are  turned 
into  vapours. 

The  difcharge,'  in  melting  the  particles  of 
metals,  drives  into  its  paffage  the  conducting 
Vapours  which  arife  from  them  ;  and,  in  pro- 
portion as  the  parts  of  any  body  are  more  rea- 
dily driven  into  vapour  or  duft,  the  fpark  will 
run  to  a  greater  diilance. 

Experiment  CXLL 

If  a  wire  is  ftretched  by  weights,  and  2 
fliock  is  fent  through  it  that  will  render  it  red 
hot,  it  is  found  to  be  confiderably  lengthened 
after  the  difcharge.  When  the  wire  is  loofe, 
it  is  laid  to  be  fhortencd  by  the  explofion. 

EXPERI.MI  N  T  CXLII. 

If  a  long  narrow  trough  of  water  is  made 
part  of  the  circuit  in  the  difcharge  of  a  battery, 
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and  a  perfon's  hand  be  immerged  in  the  water 
at  the  time  of  the  explofion,  he  will  feel  an  add 
vibration  in  the  water,  very  different  from  an 
eleftrical  fhock.  The  quick  ftroke  from  the 
repercuffion  of  the  air  and  the  vapour,  is  com^ 
municated  to  the  hand  by  the  water,  and  the 
hand  receives  a  fhock  fimilar  to  that  received 
by  a  fhip  at  fea  during  an  earthquake.- 

Experiment  CXLIII. 

Place  a  plain  piece  of  metal  between  the 
points  of  the  univerfal  difcharger,  pafs  feverd 
explofions  of  a  battery  through  the  wires,  and 
the  difcharges  will  gradually  form  On  the 
metal  different  circles,  beautifully  tinged  with 
the  prifmatic  colours.  The  circles  appesr 
fooner,  and  are  clofer  to  each  other,  the  nearer 
the  point  is  to  the  furface  of  the  metal.  The 
number  of  rings,  or  circles,  depend  on  the 
lharpnefs  of  the  point  ;  the  experiment  there- 
fore iucceeds  better  if  a  fharp  needle  is  fattened 
to  one  of  the  points  of  the  difcharger. 

Several  very  curious  experiments  were  made 
by  Dr.  Watlbn  and  others,  to  afcertain  the  dis- 
tance to  which  the  electric  mock  might  be 
conveyed,  and  the  velocity  with  which  it  moves. 
,  In  his  firft  experiment,  the  fhock  was  given 
and  fpirits  fired  by  the  ele&ric  matter  which 

had 
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had  been  conveyed  through  the  river  Thames. 
In  the  next  experiment,  the  electric  fluid  was 
made  to  pafs  through  a  circuit  of  two  miles, 
crofting  the  New-river  twice,  going  over  feveral 
gravel  pits,  and  a  large  field.  It  was  afterwards 
conveyed  through  a  circuit  of  four  miles.  It 
paiTed  over  thefe  fpaces  inflantaneoufly  as  to 
fenfe.  This  fcnfible  inftantaniety  in  the  motion 
of  the  electric  fluid,  was  afccrtained  by  an  ob- 
ferver,  who,  though  in  the  room  with  the 
charged  phial,  was,  at  the  fame  time,  in  the 
middle  of  a  circuit  of  two  miles,  and  felt  him- 
fell"  fhocked  at  the  fame  inftant  he  faw  the  phial 
difcharged, 

Notwithflanding  this  furprizing  velocity,  it 
is  certain,  that  both  fides  of  a  charged  phial 
may  be  touched  lb  quickly,  even  by  the  belt 
conductors,  that  all  tHe  electric  matter  has  not 
time  to  make  the  circuit,  and  the  phial  will 
remain  but  half  difcharged  ;  and  there  are  fe- 
veral inftances  where  its  motion  appears  flow, 
and  not  eafily  reconcilable  with  this  immeafura- 
ble  velocity  ;  and  it  is  alio  certain,  that  this 
fluid  is  refilled  in  its  paffage  through,  or  over, 
every  fubftance. 

The  wonderful  part  of  the  foregoing  experi- 
ments will  vanilh,  if  we  admit  the  reafoning  of 
Mr.  Volta  on  this  fubject ;  and  the  reader  will 
find  his  reafoning  confiderably  ftrengthened  by 
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experiments  118,  1 19,  120  of  this  effay,  which 
were  originally  made  by  Mr.  Atwood ;  though 
it' mull  be  owned,  thefe  experiments  fecm  to 
lead  much  further,  and  give  an  idea  of  the  dircc-? 
tion  of  the  electric  fluid  in  the  difcharge  of  the 
Leyden  phial,  which  differs  altogether  from  the 
received  theory, 

Xhe  following  account  is  extracted  from  a 
very  long  paper  of  Mr.  Volta,  in  the  Journal 
de  Phyfique  for  1779  : 

Let  us  fuppofe  that  a,  b,  c,  d,  e,  /,  g,  b, 
t,  ky  /,  m,  n,  0,  hold  hands  ;  let  a  grafp 
the  outfide  of  a  charged  Leyden  phial,  and  0 
touch  the  knob  ;  at  the  inflant  0  receives  the 
fire  difcharged  from  the  infide  by  the  knob,  a 
will  furnifh  from  his  natural  flock  to  the  out- 
fide, without  waiting  till  the  fire  arrives  to  him 
from  0,  by  n3  to  m,  &c.  in  the  mean  while 
the  lofs  of  a  is  compenfated  from  b%  and  b 
is  furnimed  with  frefh  matter  from  c,  and  fo 
on.  It  is  flill  true,  that  there  is  but  one 
ftream,  if  we  confider  only  the  direction  of  the 
fluid,  which  is  excited  flmultaneoufly  at  the 
two  extremities,  and  moves  at  the  fame  inftant 
of  time;  though,  to  fpeak  more  accurately, 
it  is  not  one  ftream,  but  two  united  in  one. 
If  the  extream  rapidity  with  which  the  fire 
pafles,  did  not  prevent  our  perceiving  the  fuc- 
ccflive  commotions  received  by  the  perfons  who 

form 
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form  the  chain,  we  mould  find  they  did  not 
follow  the  order  <?,  n,  m,  I,  but  were  felt 
fimultaneoufiy,  firft  at  the  two  extremities  0 
and  a,  then  at  n  and  b>  m  and  c,  &c.  advan- 
cing towards  the  middle  of  the  chain.  Agree- 
able to  this,  if  the  bottle  is  fmall,  the  longer 
the  circuit  is  made,  thofe  who  are  furtheft 
from  the  extremities  find  the  fhock  weaker. 

To  render  this  account  more  clear,  feparate 
the  circuit,  and  form  on  a  dry  floor  two  rows, 
a,  b,  cy  d,  —  e,  f,  g,  b,  interrupted   in  the 
middle  ;  let  d  grafp  the  bottle  by  the  outfide, 
and  a  excite  the  difcharge  by  touching  the 
knob  of  the  bottle  ;  now,  if  the  elecf  ric  fire  was 
obliged  to  take  the  fhorteft  courfe  to  come  to 
the  exterior  and  negative  furface,  it  ought  to 
defcend  to  the  feet  of  e,  pais  over  the  boards 
to  the  feet  of  d,  and  then  through  him  to  the 
outfide,  without  acting  on  /,  gf   h,  which 
would  be  out  of  its  circuit.    But,  contrary  to 
this,  the  fluid  goes  out  of  the  direct  courfe,  to 
follow  that  of  the  conducting  perlbns,  which 
afford  it  a  proper  receptacle,  and  comes  to  the 
outfide  by  another  fource.    The  fire  which  goes 
from  the  infide  from  e  to  /,  g,  b,  gives  them 
a  fenfible  fenfation  ( in  their  hands  and  their 
heels,  lhcwing  itfelf  by  a  fpark,  if  the  hands 
and  the  feet  are  feparated  a  little  from  each 
other,  and  finilhes  by  diflipating  itfelf  in  the 
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common  rcfervoir.  In  the  fame  manner  d„ 
who  firft  gives  the  fire  to  the  outfide,  receives 
it  fucceffively  from  c,  h,  a,  who  all  draw  it 
in  from  the  floor.  The  ftreain  therefore  which 
proceeds  from  the  knob  of  the  bottle,  paftmg 
through  the  conducting  fubftance,  lofes  itfelf 
in  the  general  fource ;  while,  from  the  fame 
fource,  a  fufficient  quantity  is  taken  to  fupply 
the  deficiency  of  the  exterior  furface. 

If  f,  g,  h,  do  not  form  a  chain,  but  are 
irregularly  placed  round  e,  the  pofitive  part  of 
the  fluid  may  be  feen  to  fpread  itfelf  on  differ- 
ent fides,  and  divide  itfelf  in  different  branches 
to  reach  the  floor.  The  fluid  will  in  the  fame 
manner  rife  from  the  floor  to  reach  d,  if  a,  b, 
and  c,  are  irregularly  placed  round  him  ;  fo 
that  each  furface  excites  its  own  ftream  ;  one 
that  enters  the  bottle,  the  other  proceeding 
from  it.  Thus  alfo,  in  the  foregoing  experi- 
ments of  Dr.  Watfon,  where  it  has  been  fup- 
pofed  that  the  electric  fluid  has  made  fuch 
amazing  circuits  through  rivers,  over  fields, 
&c.  The  fluid  from  the  infide  was  difperfed 
in  the  river,,  at  the  inftant  that  the  outfide  col- 
lected, from  the  fame  fource,  fupplies  for  its 
own  deficiency. 

It  appears  alfo,  from  other  experiments, 
that  one  fide  of  a  charged  electric  may  contain 

more 
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more  of  one  power  than  is  fufficient  to  balance 
the  contrary  power  on  the  other  fide.  For,  if 
a  charged  jar  is  infulated,  and  the  difcharge  is 
made  by  a  difcharger  with  a  glafs  handle,  after 
the  explofion,  the  difcharger,  and  both  fides  of 
the  jar,  will  poffcfs  a  contrary  power  to  that 
which  obtained  on  tjie  fide  of  the  jar,  which 
was  touched  the  laft  before  the  difcharge. 

It  may  not  be  improper  to  introduce  here  an 
hvpothefis  which  has  been  offered  to  the  public 
inftead  of  the  received  theory. 

HYPOTHESIS. 

1.  The  two  electric  powers  exilt  together  in 
•all  bodies. 

2.  Since  they  counteract  each  other  when 
united,  they  can  be  made  evident  to  the  fenfes 
only  by  their  feparation. 

3.  The  two  powers  are  fcparated  in  non-elec- 
trics by  the  excitation  of  electrics,  or  by  the 
application  of  excited  electrics. 

•4.  The  powers  cannot  be  feparated  in  electric 
fubftances. 

5.  The  two  electricities  attract:  each  other 
ftrongly  through  the  fubltance  of  electrics. 

Electric  fubftances  are  impervious  to  the  two 
electricities. 

7.  Either  power,  when  applied  to  an  unelec- 
trined  body,  repels  the  power  of  the  fame  fort, 
and  attracts  the  contrary  power. 

CHAP. 
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CHAP.  IX. 

On  the  Influence  of  pointed  Conductors  for 

Buildings, 

TH  E  importance  of  electricity,  as  well  as 
its  univerfal  agency,  becomes  more  con- 
fpicuous,  in  proportion  as  our  acquaintance 
with,  it  increafes.  We  find  no  fubftancc  in  na- 
ture which  is  not  acted  on  by  it,  either  as  a 
conductor  or  non-conductor  ;  and  difcover,  the 
furprizing  phcenomena  of  thunder  and  lighten- 
ing owe  their  origin  to  and  are  of  the  fame  na- 
ture with  it.  Very  little  progrefs  had  been 
made  in  electricity  when  the  analogy  between 
the  electric  fpark  and  lightening  was  difcovered  ; 
but  the  fublime  idea  of  realizing  thefe  conjec- 
tures, and  proving,  that  the  fire  which  flalhes 
in  the  iky  is  the  fame  agent  which  explodes  and 
gives  a  fhock  in  our  experiments,  was  given  to 
Dr.  Franklin ;  who  alfo  firfl:  fuggeited  the  utility 
of  pointed  conductors  of  metal,  to  preferve 
buildings  from  the  dreadful  effects  of  lighten- 
ing ;  an  idea  which  was  received  with  general 
applaufe  and  approbation.  Since  this  period, 
many  electricians  have  been  induced  to 
change  their  opinion  relative  *to  the  utility 

of 


ON     ELECTRICITY.  139 

of  thefe  conductors  ;  and,  among  thofe  who 
underfbnd  the  fubject  well,  it  has  been  dii- 
puted,  whether  the  preference  fhould  be  given 
to  a  conductor  with  a  pointed  end,  or  to  one 
which  has  an  obtufe  termination. 

The  experiments  which  have  been  made  on 
this  fubject  are  very  numerous,  but  the  greater 
part  appear  to  me  very  inconclufive,  and  pre- 
sent only  a  very  partial  view  of  the  fubject. 

A  pointed  conductor,  which  communicates 
with  the  earth,  has  not  any  particular  power  cf 
attracting  electricity,  and  acts  only  as  any  other 
conducting  fubftance  which  does  not  refill:  the 
pafTage  of  the  electric  fluid. 

It  is  true,  that  electricity  pafifes  with  more  eafe 
from  an  electrified  body  to  a  conductor  which  is 
pointed,  than  to  one  which  is  flat  or  globular  ; 
becaufe,  in  this  cafe  the  elafticity  of  the  electric 
fluid,  and  its  power  to  break  through  the  air, 
are  weakened  by  the  flat  furface,  which  acquires 
a  contrary  electricity,  and  compenfates  the  di- 
minifhcd  intenfity  more  than  a  point  can  ;  the 
point  being  eafily  rendered  negative,  while  the 
effort  of  the  fluid  to  efcape  from  the  electrified 
body  is  greater  than  when  it  is  oppofed  by  a 
flat  furface.  So  that  it  is  not  the  particular 
property  of  a  point,  or  flat,  but  the  different 
ftate  of  the  electrified  body,  which  caufes  it 
to  part  with  its  electricity  eafier,  and  from  a 
greater  diftance,  when  a  pointed  conducting 
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fubtfanee  is  prefented  to"  it,  than  it  does  to  a 
flat  or  globular  conductor.  * 

The  capacity  of  conductors  to  hold  electri* 
city  is  in.  proportion  to  the  iurfaces  which  arc 
free,  or  uninfluenced  by  a  fimilar  atmofphere ; 
a  circumitance  which  will,  more  or  lefs,  affect 
thole  conductors  which  are  applied  to  buildings, 
according  to  the  ftate  of  the  clouds-  and  their 
atmofphere,  the  time  their  influence  has  been 
exerted,  the  nature  of  the  conducting  ftrata  of 
the  earth,  and  its  electric  fituation- 

Fig-  68  reprefents  the  gable  end  of  a  houfe, 
fixed  vertically  on  the  horizontal  board  F  G ; 
a  (quare  hole  is  made  in  the  gable  end  at  hi, 
into  which  a  piece  of  wood  is  fitted  ;  a  wire  is 
kiferted  in  the  diagonal  of  this  little  piece  ;  two 
wires  are  alfo  fitted  to  the  gable  end  i  the  lower 
end  of  one  wire  terminating  at  the  upper  cor- 
ner of  the  fquare  hole  ;  the  top  of  the  other 
wire  is  fixed  to  its  lower  corner  ;  the  brafs  ball 
on  the  wire  may  be  taken  off,  in  order  that  the 
pointed  end  may  be  occafionally  expofed  to  re- 
ceive the  explofion* 

Experiment  CXLIV. 

Place  a  jar  with  its  knob  in  contact  with  the 
conductor,  connect  the  bottom  of  the  jar  with  the 
hook  H,  then  charge  the  jar,  and  bring  the  ball 

under 

*  See  Volta's  Paper,  Phil.  Trarii  vol.  72. 
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under  the  conductor,  and  the  jar  will  be  dis- 
charged by  an  explolion  from  the  conductor  to 
the  ball  of  the  houfe-  The  wires  and  chain 
being  all  in  connexion,  the  fire  will  be  conveyed 
to  the  outride  of  the  jar  without  affecting  the 
houfe ;  but,  if  the  fquare  piece  of  wood  is 
placed  fo  that  the  wires  are  not  connected*  but 
the  communication  cut  off,  the  electric  fluid, 
in  paffing  to  the  outride  of  the  bottle,,  will 
rhrow  out  the  little  piece  of  wood  to  a  conii- 
derable  di fiance  by  the  lateral  force  of  the  ex- 
plofion.    See  £g.  68- 

Unfcrew  the  ball,  and  let  the  point  which  Is 
underneath  be  prefented  to  the  conductor,,  and 
then  you  will  not  be  able  to  charge  the  jar;  for 
the  ftiarp  point  gradually  draws  the  fire  from 
the  conductor,  and  conveys  it  to  the  coating 
on  the  outride  of  the  jar. 

The  prime  conductor  is  fuppofed  to  reprcfcnt 
a  thunder  cloud  difcharging  its  contents  on  a 
weather  cock  or  any  other  metal,  at  the  top  of 
2.  building-  From  this  experiment  many  hayc 
inferred,  that  if  there  is  a  connection  of  metal 
to  conduct  the  electric  fluid  down  to  the  earrn", 
the  building  will  receive  no  damage ;  but, 
where  the  connection  is  imperfect,  it  will  ftrikc 
from  one  part  to  another,  and  thus  endanger 
the  whole  building* 
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Experiment  CXLV. 

Mr.  Henly  affixed  to  the  top  of  a  glafs 
Hand  a  wire,  three-eighths  of  an  inch  in  di- 
ameter, terminated  at  one  end  by  a  ball,  three- 
fourths  of  an  inch  in  diameter,  and  at  the  other 
end  by  a  very  marp  point;  (fee  fig.  69)  round 
the  middle  of  this  wire  hunp-  a  chain,  12  inches 
long  ;  he  connected  the  chain  with  the  coating 
of  a  charged  bottle,  and  brought  the  knob  of 
it  very  gently  towards  the  ball  on  the  infulated 
wire,  in  order  to  obferve  precifcly  at  what  dif- 
tance  it  would  be  difcharged  upon  it,  which 
conftantly  happened  at  the  diftance  of  half  an 
inch,  with  a  loud  and  full  explofion.  Then 
charging  the  bottle,  he  brought  it  in  the  fame 
gradual  manneF  towards  the  point  of  the  infu- 
lated wire,  to  try  alfo  at  what  diftance  it  would 
be  ftruck ;  but  this,  in  many  trials,  never  hap- 
pened at  all  ;  the  point  being  approached  in 
this  gradual  manner,  always  drew  off  the  charge 
imperceptibly,  leaving  fcarce  a  fpark  in  the 
bottle. 

EXPERIMENT  cxLvr. 

The  fame  gentleman  .  connected  a  jar,  con- 
taining 509  fquare  inches  of  coated  furface, 
with  the  prime  conductor.    (See  fig.  68)  If 

the 


ON    ELECTRICITY.  143 

the  jar  was  fo  charged  as  to  raife  the  electrome- 
ter to  6o°,  by  bringing  the  ball  on  the  wire  of 
the  thunder  houfe  to  half  an  inch  diftance  from 
that  connected  with  the  prime  conductor,  the 
jar  would  be  difcharged,  and  the  piece  in  the 
thunder  houfe  thrown  out  to  a  confiderafole 
diftance.  Uling  a  pointed  wire  as  a  conductor 
to  the  thunder  houfe,  inftead  of  the  knob,  tfas 
charge  being  the  fame,  the  jar  was  difcharged 
filently,  though  fuddenly,  and  the  piece  was 
not  thrown  out. 

Experiment  CXLVII. 

He  afterwards  made  a  double  circuit  to  the- 
thunder  houfe  ;  the  firft  by  a  knob,  the  fecond 
by  a  lharp  pointed  wire,  at  an  inch  and  a  quarter 
diftance  from  each  other,  but  exactly  the  fame 
height-  The  charge  being  the  fame,  the  knob 
was  firft  brought  under  the  prime  conductor, 
which  was  half  an  inch  above  it,  and  followed, 
by  the  point  at  an  inch  and  a  quarter  diftance, 
yet  no  explofion  fell  upon  the  ball,  as  the  pint 
drew  off  the  charge  filently,  and  the  piece  in 
the  thunder  houfe  remained  unmoved. 

Experiment  CXLVIII. 

He  infulated  a  large  jar,  and  connected,  by 
chains,  with  the  external  coating,  on  one  fide,  a 
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knob,  on  the  other  a  fharp  pointed  wire,  bo'.1* 
being  infulated,  and  {landing  five  inches  from 
each  other,  (fee  fig.  70)  and  placed  an'  infu- 
lated copper  ball,  eight  inches  in  diameter,  fo 
as  to  fland  exactly  at  half  an  inch  distance  both 
from  the  knob  and  the  point ;  the  j-ar  was  then 
charged,  and  the  difcharge  made  by  the  dis- 
charging rod  on  the  copper  ball,  from  wheno* 
it  leaped  to  the  knob  A,  .which  was  three- 
quarters  of  an  inch  in  diameter,  the  jar-  was 
difcharged  by  a  loud  and  full  explofion,  and 
the  chain  was  very  luminous. 

Experiment  CXLDC 

Mr.  Henly  fufpended  by  a  fifk  firing  from 
one  end  of  a  wooden  bar,  which  turned  freely 
in  a  horizontal  direction  upon  the  point  of  a 
needle,  a  large  bullock's  bladder,  gilded  with 
leaf  copper  ;  the  bladder  was  balanced  by  a 
weight  at  Oe  other  end  of  the  arm  ;  (fee  fig. 
7  0  ne  gave  a  ftrong  fpark  from  the  knob  of  a 
charged  phial  to  the  bladder,  he  then  prefented 
towards  it  a  brafs  ball,  two  inches  diameter, 
and  obferved  that  the  bladder  would  come  to- 
wards it  at  the  diftance  of  three  inches,  and 
when  it  got  within  ah  inch,  would  throw  off 
its  electricity  in  a  full  fpark*  He  then  gave  it 
another  fpark,  and  prefented  a  pointed  wire  to- 
wards 
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wards  the  bladder,  which  never  approached 
t*>  the  point,  nor  ever  gave  any  fpark,  the  elec- 
tricity being  carried  off. 

Experiment  CL. 

Take  two  or  three  fine  locks  of  cotton,  fa£ 
ten  one  of  them  to  the  conductor  by  a  fine 
thread,  another  lock  to  that,  and  a  third  to  the 
fecond,  put  the  machine  in  action,  and  the  locks 
of  cotton  will  expand  their  filaments,  and  will 
extend  themfelves  towards  the  table.  Prefent  a 
fliarp  point  under  the  loweft  and  it  will  fhrink 
up  towards  the  fecond,  and  this  towards  the 
firltj  and  altogether  towards  the  prime  con- 
ductor, where  they  will  continue  as  long  as  the 
^vjint  remains  under  them. 

Experiment  CLI. 

i  Fallen  a  number  of  fine  threads  or  hair  to 
the  end  of  the  prime  conductor  ;  when  the  cy- 
linder is  turned^  thefe  will  diverge  like  rays 
proceeding,  from  a  center  :  continue  turning  the 
cylinder,  and  prefent  a  point  towards  one  fide 
of  the  conductor,  and  the  threads  on  one  fide 
will  hang  down,  and  lofe  their  divergence,  but 
thofe  on  the  other  fide  will  fiill  continue  to  di- 
verge ;  which  fhews,  that  the  power  of  points 
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to  draw  off  electricity  does  not  extend  round 
the  electrified  body  when  means  arc  ufed  to  keep 
up  the  fupply  of  electricity. 

Fig.  72  rcprefents  an  oval  board,  three  feet 
long  and  two  feet  broad,  coated  on  both  fides 
with  tin-foil,  and  fufpended  by  lilk  lines  from 
the  double  hook,  this  turns  on  an  axis,  which 
is  fattened  to  one  arm  of  a  nice  balance,  and 
counter-poifed  at  the  other  arm  by  a  weight, 
part  of  the  table  underneath  the  board  is  to  be 
covered  with  tin-foil,  and  communicate  to  the 
floor  by  a  chain. 

Experiment  CLII. 

Connect  the  pendulous  board  with  the  prime 
conductor  by  a  fmall  wire,  a  few  turns  of  the 
machine  will  electrify  the  apparatus.  When 
this  experiment  was  made,  the  board  was 
attracted  by  the  table  at  1 5  inches  diftance,  and 
difcharged  itfelf  with  a  ftrong  fpark  ;  the  fame 
happened  to  a  metal  ball  which  was  placed  orr 
the  table,  the  board  approaching  till  it  wasr 
about  one  inch  from  the  ball,  and  then  dif- 
charging  itfelf  by  a  fpark.  If  a  point  is 
fixed  on  the  board  inftead  of  the  knob,  the 
pendulous  board,  though  it  begins  to  approach, 
Hops  at  about  four  or  five  inches  from  the  table, 
and  it  wUl  not  approach  nearer  or  give  a  fpark  i 
a  fmall  light  is  feen  upon  the  point  in  the  dark. 

A 
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A  Leyden  phial  was  then  connected  with  the 
prilxie  conductor  ;  it  now  required  more  turns 
of  the  machine  to  charge  the  apparatus,  the 
efFect  was  the  fame  as  before.  The  counter- 
poife  was  now  held,  that  the  board  might  not 
defcend  till  it  had  received  a  full  charge ;  when 
fet  at  liberty,  ft  was  not  only  attracted  by,  but 
alfo  gave  a  loud  explofion  on  the  point,  info- 
much,  that  the  tin-foil  round  it  was  flamed  by 
the  overflowing  of  the  fire. 

The  following  experiment  is  extracted  from 
ic  An  Account  of  Experiments  made  at  the 
Pantheon  on  the  Nature  and  Ufe  of  Con- 
ductors, "  by  Mr.  Wilfom  It  was  made  in 
order  to  point  out  what  he  deemed  erroneous 
in  an  experiment  of  Mr.'  Henly,  which  is  the 
1 4.8th  of  this  effay. 

The  circuit  of  communication  was  divided 
into  two  parts  : 

A  bent  rod  of  brafs,  with  a  ball  of  the  fame 
metal,  three  quarters  of  an  inch  in  diameter, 
fcrewed  on  to  the  upper  extremity  of  it,  and 
a  copper  ball,  live  inches  in  diameter,  fcrewed 
b'fi  to  the  lower  end,  forms  one  of  the  parts* 
This  part  was  fupported  by  a  (land  of  wood 
that  had  a  cap  of  brafs  at  the  top,  into  which  ' 
:he  brafs  rod  was  occalionally  fcrewed. ' 

L  3  The 
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The  other  part  of  the  circuit  confined  of  * 
brafs  rod  alfo  ;  one  end  of  which  branched  out 
in  the  form  of  a  fork,  with  two  prongs  that 
pointed  towards  the  center  of  the  copper  ball ; 
and  thofe  prongs  were  fo  conftrudted,  that  either 
of  them  could  be  made  longer  or  fhorter,  juft 
as  the  experiment  required.  On  the  end  of 
one  of  the  prongs  was  fixed  a  ball  of  brafs, 
three  quarters  of  an  inch  in  diameter,'  and  on 
the  other  a  lharp  fteel  point  or  needle.  The 
fhoulder  of  this  fork  fcrewed  into  a  fmall  plate 
of  iron,  that  was  fixed  on  the  infide  of  a  wood- 
en veffel,  which  contained  the  greateft  part  of 
a  cylindrical  glafs  jar,  twelve  inches  three 
quarters  high,  and  about  four  inches  in  dia- 
meter. This  glafs  was  rather  thick  than  other- 
wife,  and  the  coating  of  it  (which  was  tin -foil) 
meafured  nearly  144  fquare  inches  on  each  fur- 
face.  Befides  this  coating,  part  of  the  infide 
of  the  wooden  veflel  was  coated  alfo  with  tin- 
foil, for  the  purpofe  of  making  a  fecure  com- 
munication between  the  iron  plate  and  the  out- 
ward coating  of  the  jar.  Within  the  jar  itfelf 
was  fitted  a  cylinder  of  wood,  that  was  covered 
with  tin-foil  alfo,  to  make  a  communication 
between  the  infide  coating  of  the  glafs  and  a 
brafs  rod,  that  was  fixed  upright  in  the  center 
of  the  wooden  cylinder.  This  upright  rod 
having  a  ball  of  brafs  at  the  end,  three  quar- 
ters 
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iers  of  an  inch  in  diameter,  was  bent  towards 
the  fir(t  part  of  the  circuit;  fo  that  the  two 
balls  A  and  B,  in  fig.  73,  being  upon  a  level, 
looked  towards  each  other,  but  were  placed 
from  time  to  time  at  different  diftances,  as  oc- 
cafion  required  ;  and  thus  anfwered  the  purpofe 
pf  an  electrometer. 

Mr.  Wilfon  began  the  experiments  where 
the  electrometer  was  (truck  at  the  greateft 
diftance,  and  then  adjufted  the  diftances  of  the 
ball  accordingly  ;  fo  that  if  the  point  was 
(truck  when  they  were  adjufted,  the  moving  of 
the  ball  the  thirty-fe.cond  part  of  an  inch  would 
occafion  the  ball  to  be  (truck  in  preference  to 
the  point,  and  vice  verfa.  Afterwards  he  lefTen- 
ed  the  (Inking  diftance  of  the  electrometer,  in 
every  experiment,  till  he  attained  the  lead 
diftance. 

Upon  reverfing  part  of  the  apparatus,  and 
fixing  the  ball  to  the  bottle,  an;!  the  fork  to 
the  ftand,  all  thofe  experiments  were  repeated 
again  ;  the  copper  ball  being  put  neareft  to  the 
glafs,  in  the  place  of  the  forked  part,  and  the 
forked  part  in  the  place  of  the  copper  ball, 
This  fet  of  experiments  being  cpmpleated,  he 
made  others,  where  the  ball  only  was  oppofed  ; 
and  after  them,  where  the  point  only  was  op- 
pofed to  the  copper  ball. 

L  3  Having 
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Having  gone  through  all  thcfe  experiments, 
as  they  are  fet  down  in  the  firft  table,  he  then 
repeated  the  experiment  with  the  chain,  after 
Mr.  Henly's  manner.  The  refult  of  which, 
and  with  the  apparatus  reverfed,  will  appear 
in  the  fecond  table. 


TABLE 
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TABLE  I. 

EXPERIMENTS  made  at  Dr,  Hicgins's, 
June  19,  1778,  with  the  LEYDEN  PHIAL 
and  forked  Apparatus. 

N.  B.  The  meafures  exprefled  in  the  following  tables  were 
taken  from  a  fcale  containing  32  parts  in  one  inch. 

The  number  oppofite  the  word  electrometer,  denotes  the 
clillance  between  the  balls  which  conftituted  the-  electro- 
meter ;  and  the  numbers  oppofite  to  the  words  ball  znd 
point,  fhew  the  greatdl  diltance  at  which  they  were  re- 
spectively ftruck. 


Ball  and  Point  oppofite        Ball  Pt. 
the  Leyden  Phial.  only.  only. 

r  Electrometer  32  ^32  r  32 


J.    <j  Ball  — 
(.Point 

E.  —  — 


Apparatus 
reverjed. 


Ball  Pt. 
only.  only. 


II.  |b!  — 
(p.  — 

rE. 

III.  \  B. 

Ip. 

Jb.  - 

(p.  — 

rE.  

r.  )b.  — 

(P.  — 


—  28  r  28  r  28 

—  ?8L—  (78 


IV 


E.  —  — 


E.  —  — 


VI, 


rE.  

fe  -  - 


rE.  - 

VII  iB.  ~ 
IP.  — 


3+ -UM 
45  (.—  188 

28  T28 

3° 

38  L-L72 

25  ("26  r  26 
28]36J- 

37 

20  (20  f20  I 

51  L~  L64. 

16  r  16  r  16 

22  <  20  I  — 

J3fi3f  J3 
38  I-  1 36 


—   ioriorio  r 


I 


32 

34 
43 

28 

36 
42 

25 

3« 

■32 

20 
29 
28 

16 

22 
,24 


It 


3 

6 

22 


10 

13 
20 


C20r20 

C-  (.24 
r  16  r  16 

r  T3f  13 

lift 

{10  r  io 

TABLE 
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TABLE  H. 

EXPERIMENTS  with  the  CHAIN, 
after  Mr.  Henly's  manner. 


Point  and  Ball  oppojite 
the  Leyden  Phial. 

{Electrometer  2i 
Ball  —  —  26 
Point  . —  24 


apparatus  reverfed. 

—  C23")  repeated  f  23 

—  "<  28  >a<  differ- J  26 

—  C26)enttim«E- 1 30 


TABLE  III. 

The  EXPERIMENTS  of  the  2d  and  3d 
Table,  repeated  at  Mr.  Partington's, 
June  23,  1778,  aBrafs  CHAIN  being  made 
"ufe  of  inftead  of  the  forked  Apparatus. 


Hall  and  Point  oppofit  e        j?.  P. 
the  Leyden  Phial.       only.  enly. 

r Ele&rometer  32^32^32 

J.  <  Ball  4o<  39<  — 

1  Point      —  76  C—  Lyi 


f  E 
II.  <  B. 

LP. 

B. 

tp. 


E.    —  — 


28  rZ8  r28 

33-)  36S  — 


E.    —  — 


tp. 

E. 


v-iB: 

rE, 

lp. 


E.    —  — 


72  I —  C  66 

25  r-26  r26 

33«?  33")  — 
46  C —  C64 

20  r  20  r  20 

50  u. —  L60 
16  r  1-6  ri6 

55  '~  C53 


16 

44 
10 


rE. 

VII  <JB. 
CP. 

r- Eleftrometer  — 


42 

  —  lOriOHO 

—  —  if-)  9<~ 
  ^C~c37 


Apparatus 
reverfed. 

r32  - 

<  3°  — 

L  38  — 


J?.  p. 

{32C  32 
—  6  39 
28  (-28 


r2> 

<  28 

c37 


c  26  rz5 


v  5/ 

20  r  20 


r28  _ 

<  29  r— 

c37  — 

520  ■        *  20  r  10 

26    1^(27 

fl6?  alter-  C^ri6 


alter 
nately 


m 

r  10  r  IO 


, —  — -  t»7 

Ball  —  —  24  >  Apparatus  reverfed.  ^25 
1  Point    —     —   64J  C30 


Ever 
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(t  Ever  fince  the  difcovery  of  the  identity  of 
.electricity  and  lightening,  it  has  been  allowed 
by  all  parties,  that  conductors  of  fome  kind  are 
in  a  manner  neceffary  for  the  fafety  of  build- 
ings in  thofe  countries  where  thunder  florins 
are  very  frequent.  The  principle  on  which 
they  ad:  is  this  :  that  the  electric  fluid,  when 
impelled  by  any  power,  a) ways  goes  to  that 
place  where  it  meets  with  the  leaft  refiftance. 
Now,  as  metals  are  found  to  give  the  leaft  re- 
fiftance to  its  paffage,  it  will  always  choofe  to 
run  along  a  metaline  rod,  in  preference  to  a 
paffage  of  any  other  kind.  But  it  is  neceffary 
to  obferve  here,  that  electricity  never  ilrikes 
a  body  merely  for  the  fake  of  the  body 
itfelf,  but  as  by  means  of  that  body  it  can 
arrive  at  the  place  of  its  deflination.  When 
a  quantity  of  electricity  is  collected  from 
die  earth,  by  means  of  an  electric  machine,  a 
body  communicating  with  the  earth  will  receive 
a  ftrong  fpark  from  the  prime  conductor ;  it 
receives  this  fpark  not  becaufe  it  is  capable  of 
containing  all  the  electricity  of  the  cylinder 
and  conductor,  but  becaufe  the  natural  fituation 
cf  the  fluid  being  difturbed  by  the  motion  of 
the  machine,  a  ftream  of  it  is  fent  off  from  the 
earth.  The  natural  powers,  therefore,  make 
ail  effort  to  fupply  what  is  thus  drained  off  from 
t/ie  .earth ;   and,  as  the  individual  quantity. 

which 
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which  comes  cut  is  moft  proper  for  fupplying 
the  deficiency,  as  not  being  employed  for  any 
natural  purpofe,  there  is  always  an  effort  made 
for  returning  it  to  the  earth.  No  fooner,  then, 
is  a  conducting  body,  communicating  with  the 
earth,  prefented  to  the  prime  conductor,  than 
the  whole  effort  of  the  electricity  is  directed 
againft  that  body ;  not  merely  becaufe  it  is  a 
conductor,  but  becaufe  it  leads  to  the  place 
where  the  fluid  is  directed  by  the  natural  pow- 
ers by  which  it  is  governed,  and  at  which  it 
would  find  other  means  to  arrive,  though  that 
body  were  not  to  be  prefented.  That  this  is 
the  cafe  we  may  eafily  fee,  by  prefenting  the 
fame  conducting  fubftance  in  an  infulated  ftate 
to  the  prime  conductor  of  the  machine,  when 
we  mall  find  only  a  fmall  fpark  will  be  pro- 
duced. In  like  manner,  when  lightening  ftrikes 
a  tree,  a  houfe,  or  a  thunder-rod,  it  is  not  be- 
caufe thefe  objects  are  high,  or  in  the  neigh- 
bourhood of  the  cloud,  but  becaufe  they  com- 
municate with  fome  place  below  the  furface  of 
the  ground,  againfl  which  the  impetus  of  the 
lightening  is  directed,  and  at  that  place  the 
lightening  would  certainly  arrive,  though  none 
of  the  above-mentioned  objects  had  been  inter- 
pofed. 

"  When  the  atmofphere  begins  to  be  electri- 
fied, either  negatively  or  pofitivcly,  the  earth, 

b/ 
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by  means  of  the  inequality  and  moifture  of  its 
furface,  but  efpecially  by  the  vegetables  which 
grow  upon  it,  abforbs  that  electricity,  and 
quickly  becomes  electrified  in  the  fame  man- 
ner with  the  atmofphere ;  this  abforption,  how- 
ever, ceafes  in  a  very  fhort  time,  becaufe  it 
cannot  be  continued  without  fetting  in  motion 
the  whole  of  the  electric  matter  contained  in 
the  earth  itfelf.  Alternate  zones  of  pofitive 
and  negative  electricity  will  then  begin  to  take 
place  below  the  furface  of  the  earth,  for  rea- 
fons  given  in  the  courfe  of  this  elfay.  Be- 
tween the  atmofphere  and  one  of  thefe  zones 
the  ftroke  of  lightening  will  always  be.  Thus, 
fuppofirig  the  atmofphere  is  pofitively  electri- 
fied, the  furface  of  the  earth  will,  by  means 
of  trees,  &c.  quickly  become  pofitively  electri- 
fied alfo,  we  will  fuppofe  to  the  depth  of  ten 
feet  :  the  electricity  cannot  penetrate  further, 
on  account  of  the  refiilance  of  the  electric  mat- 
ter in  the  bowels  of  the  earth.  At  the  depth 
often  feet  from  the  furface  a  zone  of  negatively 
electrified  earth  begins,  and  to  this  zone  the 
electricity  of  the  atmofphere  is  attracted ;  but 
to  this  it  cannot  get,  without  breaking  through 
the  pofitively  electrified  zone,  which  lies-  up- 
permoft,  and  Shattering  to  pieces  every  bad 
conductor  which  lies  in  its  way.  We  are  there- 
fore furc,  that  in  whatever  place  the  outer  zone 

of 
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of  pofitively  electrified  earth  is  thiiincft,  thera 
the  lightening  will  ftrike,  whether  a  conductor 
happens  to  be  prefent  or  not.  If  there  is  a 
conductor,  either  with  a  knob  or  fttarp  pointed, 
the  lightening  will  infallibly  ftrike  it  :  but  it 
would  alfo  have  ftruck  a  houfe  fituated  on  that 
fpot  without  any  conductor  ;  and  if  the 
feoufe  had  not  been  there,  it  would  have  ftruck 
ihse  furface  of  the  ground  itfelf*  Again,  if  we 
feippofe  the  houfe  with  its  conductor  to  ftand 
®n  a  part  of  the  earth  where  the  pofitively 
electrified  zone  is  very  thick,  the  conductor, 
will  neither  filently  draw  off  the  electricity, 
nor  will  the  lightening  ftrike  it ;  though,  per- 
haps, it  may  ftrike  a  much  lower  object,  or 
even  the  furface  of  the  ground  itfelf  at  no  great 
diftance  ;  the  reafon  for  which  undoubtedly  is, 
that  there  the  pofitively  electrified  zone  is  thin- 
ner than  where  the  conductor,  was. 

"  To  fuppofe  that  a  pointed  conductor  will- 
exhauft  a  thunder  cloud  of  its  electricity,  rnuft 
at  firft  fight  appear  trifling,  to  infift  on.  it,  ridi- 
culous. Innumerable  objects  are  all  confpiring 
to  draw  off  the  electricity  as  well  as  the  con- 
ductor, if  it  could  be  drawn  off ;  but  of  ef- 
fecting this,  there  is  an  impoflibility,  becaufe 
they  have  the  fame  kind  of  electricity  with  the 
clouds  themfelves. 

"  Befides, 
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U  Befides,  Becaria  has  obferved,  that  during 
the  progrefs  and  increaftT  of  the  florm,  though' 
the  lightening  frequently  flruck  to  the  earth, 
yet  the  fame  cloud  was  the  next  moment  ready 
'  to  make  a  greater  difcharge,  and  his  apparatus 
continued  to  be  as  much  affected  as  ever. 

"  The  conductor  has  not  even  the  power  of 
attracting  the  lightening  a  few  feet  out  of  the 
direction  it  would  choofe  itfelf :  of  this  we  have 
a  mod  decifive  inflance  in  what  happened  to' 
the  magazine  at  Purfleet,  in  EfTex.  That 
houfe  was  furnifhed  with  a  conductor,  raifed 
above  the  highefl  part  of  the  building ;  never- 
thelefs$  a  flafri  of  lightening  flruck  an  iron 
cramp  in  the  corner  of  the  wail  of  the  build- 
ing, confiderably  lower  than  the  top  of  the 
conductor,  and  only  forty-fix  feet  in  a  Hoping 
line  diflant  from  the  point. 

<£  The  conductor,  with  all  its  power  of 
drawing  off  the  electric  mattery  was  neither  able 
to  prevent  the  flalh;'  nor  ro  turn  it  forty-fix  feet 
out  of  its  way;  The  matter  of  fact  is,  the 
lightening  was  determined  to  enter  the  earth 
at  the  place  where  the  Board-houfe  Hands,  or 
near  it  ;  the  conductor,  fixed  on  the  houfe, 
offered  the  eafiefl  communication,  but  forty-fix 
feet  of  air  intervening  between  the  point  of  the 
conductor  and  the  place  of  the  explofion,  the 
refiflance  was  lefs  through  the  blunt  cramp  of 

iron, 
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Iron,  and  a  few  bricks  moiftened  with  the  rain 
to  the  fide  of  the  metalline  conductor,  tharf 
through  the  forty-fix  feet  of  air  to  its  pointy 
for  the  former  was  the  way  m  which  the  light- 
ening actually  paffed. 

"  The  ziz-zag  kind  of  lightening  is  the  mo(t 
dangerous,  becaufe  it  mult  overcome  a  very 
violent  refinance  of  the  atmofphere,  and  wherc- 
ever  that  refiflance  is  in  the  fmalleft  degree 
leiTencd^  there  it  will  undoubtedly  ftrike,  and 
even  at  a  considerable  diftance.  It  is  other  wife 
with  that  kind  which  appears  in  flames  of  no 
determinate  form  :  the  electric  matter  of  which' 
Is  evidently  diffipated  in  the  air  by  fome  con- 
dueling  fubftances  which'  are  prefent  there,  and 
they  are  therefore  rendered  lefs  powerful. 

"  The  moil  destructive  kind  of  lightening 
is  that  which  affumes  the  form  6f  balls;  Theie 
are  produced  by  an  exceeding  great:  power  of 
electricity,  gradually  accumulated  till  the  re- 
fiflance of  the  atmofphere  is  ho  longer  able  to 
confine  it.'  In  general,  the  lightening  breaks 
Out  from  the  electrified  cloud  by  means  of  the 
approach  of  fome  conducting  fubftance  ;  but 
the  fire-balls  feem  to  be  formed  not  becaufe 
there  is  any  fubftance  at  hand  to  attract  the 
electric  matter  from  the  cloud,  but  becaufe  the 
electricity  is  accumulated  in  fuch  a  quantity 
that  the  cloud  can  np  longer  contain  it.  Hence,' 

fuch 
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fuch  balls  fly  off  ilowly,  and  have  no  particular 
defoliation  ;  their  appearance  indicates  a  pro- 
digious commotion  and  accumulation  of  elec- 
tricity in  the  atmofphere,  without  a  proportion- 
able difpofition  in  the  earth  to  receive  it.  This 
difpofition  is  however  altered  by  a  thoufand 
circumftances,  and  the  place  which  firft  becomes 
molt  capable  of  admitting  electricity  will  fkii 
receive  a  fire-ball.  Hence  this  kind  of  light- 
ening has  been  known  to  move  flowly  back- 
wards and  forwards  in  the  air  for  a  confiderable 
time,  and  then  fuddenly  fall  in  one  or  more 
houfes,  according  to  their  being  more  or  lefs 
affected  with  an  electricity  opponte  to  that  of 
the  ball  at  the  time.  It  will  alfo  run  along  the 
ground,  break  into  feveral  parts,  and  produce 
feveral  explofions  at  the  fame  time. 

"  It  is  very  difficult  to  imitate  this  kind  of 
lightening  in  our  electrical  experiments.  The 
only  cafes  in  wrhich  it  hath  been  done  in  any 
degree  are  thofe  in  which  Dr.  Prieilley  mad£ 
the  ex-plofion  of  a  batttery  pafs  for  a  coniidera- 
ble  way  over  the  furface  of  raw  flelh,'  water, 
&Ci  In  thefe  cafes,  if,  while  the  electric  flaih 
palled  over  the  lurfaces  of  the  flelh,  it  had 
been  poffible  to  interrupt  the  metallic  circuit  by 
taking  away  the  chain,  the  electric  matter  dis- 
charged would  have  b-ert  precifcly  in  the  fitua- 
tion  of  one  of  the  above-mentioned  fire-balls  ; 
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i.e.  it  would  have  been  at  a  lofs  for  a  conductor. 
The  negative  fide  of  the  battery  was  the  place 
of  its  deftination,  but  to  that  it  could  not  cafily 
have  got,  becaufe  of  the  great  quantity  of 
atmofphere  which  lay  in  its  way,  and  the  in- 
capacity  of  the  neighbouring  bodies  to  receive 
it;  But,  while  the  electric  matter  was  thus 
ftationary  for  want  of  a  conductor,  if  any  one 
ftanding  near,  or  touching  the  negative  fide  of 
the  battery,  prefented  a  finger  to  this  feemhrgly 
Inoffenlive  luminous  body,  he  would  be  inftantly 
ftruck  very  violently,  becaufe  a  free  commu- 
nication being  now  made  by  means  of  his  body, 
the  powers  by  which  the  electric  fluid  is  im- 
pelled from  one  place  to  another  would  urge 
it  upon  him.  But  if  we  fuppofe  a  perfon,  who 
has  no  communication  with  the  battery,  to 
prefent  his  finger  to  the  fame  body,  he  may 
perhaps  receive  a  flight  fpark  from  it,  but  not 
a  ihock  of  any  confequence. 

"  We  may  now  account  for  the  feemingly 
capricious  nature  of  all  kinds  of  lightening,  - 
but  efpecially  of  that  kind  which  appears  in' 
the  form  of  balls.  Sometimes  it  will  ftrike 
trees,  high  houfes,  &c.  without  touching  cot- 
tages, men,  or  other  animals,  who  are  in  the 
neighbourhood  ;  in  other  inftances,  low  houfes 
and  cattle  have  been  ftruck,  while  high  trees 
and   fteeples   jtf    the    neighbourhood  have 

efcaped. 
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efcaped;*    The  rc'afon  of  this  is,  that  in  thun- 
der-florins there  is  a  Zone  of  earth  confiderably 
under  the  furfaee,   vvhieh  the  lightening  de- 
fires  to  ftrike,  (if  we  may  ufe  the  expreffion) 
becaufe  it  has  an  electricity  oppofite  to  the 
lightening  itielf.     Thofe  objects,  therefore, 
which  form  the  moft  perfect  conductors  between 
the  electrified  clouds  and  that  zone  of  earth 
will  be  ftruck  by  lightening,  whether  they  are 
high  or  low.    Let  us  fuppofe  a  positively  elec- 
trified cloud  is  formed  over  a  certain  part  of  ■ 
the  earth's  furfaee  ;   the  electric  matter  flows 
out  from  it  firft  into  the  atmofphere  all  round, 
and  while  it  is  doing  fo,  the  atmofphere  is 
electrified  negatively*    In  proportion,  however, 
as  the  current  pervades  greater  and  greater 
portions  of  the  atmofpherical  fpace,  the  refin- 
ance to  its  motion  inc-reafes,  till  at  laffc,  the 
air  becomes  pofitively  electrified  as  well  as  the 
cloud,  and  they  both  act  as  one  body.  The 
furfaee  of  the  earth  then  begins  to  be  electri- 
fied, and  it  filently  receives  the  electric  matter 
by  means  of  the  trees,  grafs,  &c.  which  grow 

M  upon  - 

i 

*  Of  this  two  remarkable  in  fiances  have  been  ad- 
duced, in  a  paper  read  by  Mr.  Ac  hard  at  the  Berlin  . 
Academy  of  Sciences.    And  Beccaria  cautions  perfons 
troni  depending  on  a  higher,  or,  in  all  cafes,  a  better 
conductor  than  their  own  body. 
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upon  its  furface,  till  at  laft,  it  becomes  alio 
pofitively  electrified,  and  begins  to  fend  off  a 
current  of  electricity  from  the  furface  down- 
wards. 

"  The  caufes  which  fir  ft  produced  the  elec- 
tricity {till  continuing  to  ad:,  the  power  of  the 
electric  current  becomes  inconceivably  great. 
The  danger  of  the  thunder-ftorm  now  begins  ; 
for,  as  the  force  of  the  lightening  is  directed  to 
fome  place  below  the  furface  of  the  earth,  it 
will  certainly  dart  towards  that  place,  and  mat- 
ter every  thing  to  pieces  which  refifts  its 
paffage. 

"  The  benefit  of  conducting-rods  will  now 
alfo  be  evident.  For  we  are  fure,  the  electric 
matter  will,  in  all  cafes,  prefer  that  way  where 
it  meets  with  the  leaft  refiftance,  and  this  rs 
over  the  furface  of  metals.  In  fuch  a  cafe,  there- 
fore, if  there  happen  to  be  a  houfe  furnimed 
with  a  conductor  directly  below  the  cloud,  and 
at  the  fame  time  a  zone  of  negatively  electrified 
earth  not  very  far  below  the  foundation  of  the 
houfe,  the  conductor  will  almoft  certainly  be 
{truck,  but  the  building  will  be  fafe.  If  the 
houfe  wants  a  conductor,  the  lightening  will 
neverthelefs  ftrike  in  the  fame  place,  in  order 
to  get  at  the  electrified  zone  above-mentioned  ; 
but  the  building  will  be  now  damaged,  becaufe 

the 
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the  materials  of  it  cannot  readily  conduct  the 
electric  fluid:"  *  . 

M  2:  CHAP- 


*  See  Encyclopaedia  Britannica,  Art.  Lightening, 
Vol.  VI.  p.  4224. 

That  the  electric  matter^  which  forms  and  ani- 
mates the  thunder-clouds,  iflues  from  places  far  below 
the  furface  of  the  earth,  and  buries  itielf  there,  is  pro- 
bable, from  the  deep  holes  that  have  been  made  in 
many  places  by  lightening,  by  the  violent  inundations 
that  have  accompanied  thunder-ftorms,  not  occafioned 
by  rain,  but  by  water  burfting  from  the  bowels  of  the 
earth,  from  which  it  muft  have  been  diilodsed  bv  fome 

internal  concuflion,  &c.  See  Dr.  Prieftley's  Hiftory 

of  Electricity,  p.  32S. 
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CHAP.     X.  * 

¥0  charge  a  Plate  of  Air. 

AS  air  is  an  electric,  it  will  receive  a  charge 
like  all  other  electric  fuMlances:  To'  this 
property  may  be  afcribed  many  of  the  phceno- 
mena  vrhich  are  obferved  in  the  courfe  of  the 
common  electrical  experiments  ;  for  the  air 
which  {"unrounds  an  electrified  non-electric  is' 
always  in  fome  degree  charged  with  the  fluid, 
and  thus  acts  upon  the  atmofphere  of  the  elec- 
trified conductor,  not  only  by  its  preflure,  but 
alfo  by  its  acquired  electric  powers  ;  and  that 
it  pervades  the  air  to  a  confiderable  diftance  is 
evident,  from  the  different  methods  by  which 
the  air  of  a  room  may  be  electrified. 

Cover  two  large  boards  with  tin-foil;  fufpend 
one  by  filk  firings  from  the  cieling,  and  then 
connect  it  with  the  conductor ;  place  the  otheF 
board  parallel  to  the  former,  on  an  initiating 
ftand  that  may  be  eafily  raifed  or  lowered,  to 
regulate  the  diftance  of  the  plates  from  each 
other.  Or  place  the  boards  in  a  vertical  fitu- 
ation,  on  infulating  ftands  of  the  fame  height. 
In  moft  cafes  this  form  will  be  found  the  molt 
convenient.    Thefc  boards  may  be  confidered 

as 
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as  the  coatings  to  the  plate  of  air  which  is  be- 
tween fhem. 

Experiment  CLII. 

Connect  the  upper  board  with  the  pofkive 
conductor,  and  the  other  with  the  ground ; 
turn  the  cylinder,  and  the  upper  one  will  be 
electrified  pofitively,  and  the  under  one  nega- 
tively ;  the  fpace  of  air  between  the  two  plates 
acts  as  a  plate  of  glafs,  it  feparates  and  keeps 
afunder  the  two  electric  powers.  Touch  the 
negative  plate  with  one  hand,  and-  the  upper 
one  with  the  other,  and  a  fhock  will  be  received 
fimilar  to  that  from  the  Leyden  phial. 

The  electric  fhock  will  always  be  felt  when- 
ever a  quantity  of  the  fluid  paffes  through  any 
body  in  an  inftantancous  manner,  and  the  force 
of  the  fhock  will  be  proportional  to  the  quantity 
of  electricity  accumulated,  and  the  eafe  with 
which  it  can  efcape  ;  for  the  whole  energy  of 
the  electricity  depends  on  its  tenfion,  or  the 
force  with  which  it  endeavours  to  fly  off  from 
the  electrified  body. 

The  two  plates,  when  in  contrary  flates, 
flrongly  attract  each  other,  and  will  come  to- 
gether, if  they  are  not  kept  afunder  by  force. 
A  fpark  will  fometimes  pafs  between  the  plates, 
and  deflroy  the  electricity  of  each.    If  an  cmi- 
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ncncc  is  placed  on  the  under  plate,  the  fpirk, 
in  the  fpontaneous  difcharge,  will  ftrike  it. 
The  experiments  with  thefc  boards  will  be 
more  plcafing,  if  one  furface  of  the  upper  board 
is  covered  with  gilt  leather.  The  two  plates, 
when  charged,  are  fuppofed  to  reprefent  the 
,  ftate  of  the  earth  and  the  clouds  in  a  thunder- 
Horm.  The  clouds  being  in  one  ftate,  and 
the  earth  in  an  oppofite  one,  while  the  plate  of 
air  acts  as  the  electric,  and  the  fpontaneous 
diicharges  exhibit  the  phcenomena  of  light- 
ening. 

An  obfervatipn  has  been  made  on  this  expe- 
riment, which  feems  to  affect  one  of  che  prin- 
cipal fupports  of  the  received  theory.  I  have 
fubjoined  it,  in  order  to  invite  thofe  who  are 
converfant  with  electricity  to  a  clofer  invefti- 
gation  of  the  fubject. 

In  this  experiment  it  feems  impomble  to  de- 
ny, that  the  air  is  penetrated  by  the  electric 
fluid.  The  diftance  between  the  plates  is  fo 
fmall,  that  it  mufl  appear  abfurd  to  fay  that 
this  fpace  is  penetrated  only  by  a  repulfive 
power,  when  in  other  cafes  we  fee  the  fluid 
pervading  much  greater  fpaces  of  air.  But  if 
<one  electric  fubftance  is  penetrable  by  the  elec- 
tric fluid,  we  muft  be  led  ftrongly  to  fufpect 
at  leaft  that  all  the  reft  are  fo  too.  If  glafs  was 
altogether  impenetrable  to  the  fluid,  it  is  na- 
tural 
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tural  to  think  that  it  would  run  over  its  fur* 
face  very  eafily.  But  inftead  of  this,  fo  great 
is  its  propenfity  to  enter,  that  a  mock  lent 
through  between  two  glafs  plates,  if  they  are 
preffed  pretty  clofe  together,  always  breaks 
them  to  pieces,  and  even  reduces  part  of  them 
to  a  powder  like  fand.  This  laft  effect  cannot 
be  attributed  to  any  other  than  the  electric 
fluid  entering  the  pores  of  the  glafs,  and  meet- 
ing with  refillance,  the  impetus  of  its  pro- 
greffive  motion  violently  forces  the  vitreous 
particles  afunder  in  all  directions. 


Experiment  CLIII. 

Turn  that  fide  of  the  upper  board  on  whxh 
the  gilt  leather  is  palled  towards  the  lower  one; 
place  one  or  two  fmall  metal  hemifpheres  on 
the  lower  board  ;  connect  the  upper  board 
with  the  pofitive  conductor,  and  the  lower 
one  with  that  which  is  negative,  put  the  ma- 
chine in  action,  and  the  upper  board  will  dif- 
charge  the  whole  of  its  contents  on  one  of  the 
hemifpheres,  in  a  ltrong  flaih,  attended  with  a 
fmart  expiofion  ;  vivid  corrufcations  of  electric 
light  will  be  feen  darting  in  various  directions 
on  the  furface  of  the  gilt  leather.  This  experi- 
ment, lays  Mr.  Becket,   is  more  than  a  refem- 

M  4  blance 


AN  ESSAY 


blance  of  lightening,  it  is  Nature  inverted 
with  her  own  attire. 

Connect  a  coated  phial  with  the  pofitive  con- 
ductor fo  that  it  may  be  difcharged  with  the 
boards,  and  the  flalbes  of  light  will  extend 
further,  and  the  explofion  will  be  louder. 

Experiment  CLIV. 

Place  the  wire,  fig.  10,  with  the  feathers 
tied  to  it  in  the  middle  of  one  of  thefe  large 
boards,  their  divergence  will  not  be  near  fq 
much  in  this  lituation  as  when  they  are  at  the 
edge  of  the  board.  If  a  piece  of  down  or  a 
feather  is  placed  near  the  edge  of  the  board,  it 
will  fly  off  to  the  neareft  non-elecl'rified  bodv  ; 
but,  if  it  is  placed  in  the  .  middle,  it  will  be  4 
confiderable  time  before  it  will  move,  and  it 
will  fearcely  mow  any  figns  of  attraction. 

Experiment  CLV. 

Place  bran;  or  frnall  pieces  of  paper,  near 
the  center  of  the  lower  board  ;  when  the  ma- 
chine is  put  in  action  thefe  will  be  alternately 
attracted  and  repelled  with  great  rapidity,  and 
agitated  in  an  amazing  manner.  A  pleafing 
variation  is  made  in  this  experiment  by  taking 
off  the  chain  from  the  lower  board,  and  now 

and 
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and  then  touching  it  with  the  hand  ;  touch 
both  boards  at  the  fame  time  and  the  motion 
■ceafes.  But  the  moft  furprizing  appearance  in 
this  experiment  is,  that  foraetimes?  when  the 
electricity  is  ftrong,  a  quantity  of  paper  or  bran 
will  accumulate  in  one  place,  and  form  a  kind 
of  column  between  the  boards,  it  will  fuddenly 
acquire  a  fwjft  horizontal  motion,  moving  like 
a  whirling  pillar  to  the  edge  of  the  boards, 
and  from  thence  fly  off,  and  be  fcattered  about 
the  room  to  a  confiderable  diflance. 

Experiment  CLVI. 

Take  two  phials,  the  one  charged  pofitively, 
the  other  negatively,  place  them  on  the  infu- 
lated  board,  but  as  far  from  each  other  as  the 
board  will  permit ;  infert  a  range  of  candles 
in  a  piece  of  wood,  about  two  inches  dis- 
tance from  each  other,  lb  that  the  flame  of 
each  may  be  exactly  parallel ;  when  thefe  can- 
dles are  quickly  introduced  between  the  knobs 
.of  the  phials,  the  fpark  will  be  feen  to  dart 
through  all  of  them,  and  will  have  the  appear? 
ance  of  a  line  of  fire,  variegated  in  a  thoufan^ 
different  curves., 
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CHAP.  XL 

Of  the  Elefirophorous. 

TPMG.  73  reprefents  an  electrophorous.  This 
Jl  inftrument  was  invented  by  Mr.  Volta, 
of  Coma  in  Italy r*  It  confifls  of  two  plates 
of  a  circular  form,  the  under  plate  is  of  brafs 
covered  over  with  a  flratum  of  an  electrical 
fubftance,  generally  of  fome  negative  electric, 
as  wax,  fulphur,  &c.  the  upper  plate  is  of 
brafs,  with  a  glafs  handle  fcrewed  on  the  center 
of  its  upper  furface. 

Refinous  electrics  generally  fucceed  better 
for  an  electrophorous  than  thofe  made  only  of 
glafs,  not  only  as  they  are  lefs  affected  by  the 
humidity  of  the  air,  but  as  they  feem  to  have 
the  power  of  retaining  longer  the  electricity 
which  is  communicated  to  them. 

To  ufe  this  apparatus,  firft  excite  the  under 
plate  c,  by  rubbing  its  coated  fide  with  a  piece 
of  clean  dry  flannel,  or  hare-fldn  ;  when  this 
plate  is  well  excited,  it  is  to  be  laid  on  the 
table  with  the  electric  uppermoft.  Secondly, 

place 

*  Mr.  Wilck,  in  Auguft,  1762,  contrived  a  refinous  ap- 
paratus, to  which  he  gave  the  name  of  a  perpetual  ele£bo- 
phorous.   See  Scripta  Academize  Suec.  1762. 
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place  the  metal  plate  upon  the  electric,  as  in  fig. 
74  and  75.  Thirdly,  touch  the  metal  plate  with 
the  finger,  or  any  other  conductor.  Fourthly, 
feparate  the  metal  plate  from  the  electric  by 
the  glafs  handle.  This  plate,  when  raifed  to 
Ibme  diftance  from  the  under  one,  will  be  found 
ftrongly  electrified  with  the  power  which  is 
.contrary  to  that  of  the  electric  plate,  and  will 
give  a  fpark  to  any  conductor  that  is  brought 
near  it.  By  repeating  this  operation,  i.  e.  by 
fetting  the  metal  plate  on  the  electric,  and  then 
touching  it  with  the  finger,  a  great  number  of 
fparks  may  be  fucceffivoly  obtained  without  a 
frefli  excitation  of  the  electric., 

The  following  experiments,  which  were 
made  with  a  view  to  analyfe  this  curious  little 
inftrument,  are  extracted  from  a  paper  of  Mr. 
Achard's,  in  the  Memoirs  de  l'Academie  Roy- 
ale  de  Berlin  for  1776. 

Experiment  CLVII. 

Mr.  Achard  placed  horizontally  a  circular 
plate  of  glafs,  which  was  about  two  tenths  of 
an  inch  in  thicknefs,  and  one  foot  in  diameter, 
pn  a  tin  plate,  which  only  touched  the  glafs  in 
a  few  places ;  having  excited  the  upper  furface 
pf  the  glafs,  it  produced  all  the  effects  of  the 
elect rophor 011  s ;   from  whence  he  infers,  that 

it 
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it  is  r«ot  neceffary  that  the  inferior  metallic 
plate  mould  touch  exa&ly  in  all  its  furface  the 
electric  coating. 

_  j 

Experiment  CLVIII. 

He  infulated,  in  a  horizontal  pofition,  a  plate 
of  glafs  of  one  foot  fliamete.r,  he  excited  this, 
and  then  applied  the'  upper  plate  in  the  ufual 
manner,  and  obtained  a  fucceflive  number  of 
weak  fparks  ;  but  in  order  to  procure  them,  he 
was  obliged  to  let  t;he  finger,  remain  fometime 
on  the  upper  plate.  If,  inftead  of  infulating 
the  plate  of  glafs  by  glafs,  he  infulated  it  by 
wax  or  pitch,  he  conftaytly  found  that  the 
fparks  were  ftronger.  From  this  experiment 
he  concludes,  that  the  inferior  plate  is  not  ne- 
ceffary  to  the  production  of  the  effects  obferved 
in  this  inftrument,  and  that  when  deprived  oj£ 
it,  retains  all  its  properties. 

Ex  per  iment  CLIX. 

Having  excited  the  upper  furface  of  an  elec- 
trophorous  of  wax,  he  placed  the  upper  plate 
on  it,  and  after  fome  time  lifted  it  off  by  its 
infulating  handle,  without  previoufly  touching 
it  with  the  finger ;  it  gave  no  fpark,  and  was 
not  pofTeffed  of  the  leail  power  of  attraction  and 

repulfion  ; 
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repulfion ;  which  proves,  that  the  eleclropho- 
rous  cannot  render  the  upper  plate  electric,- 
unlefs  it  is  touched  by  a  body  which  is  ca- 
pable of  giving  or  taking  electricity  from  it. 

V 

Experiment  CLX. 

Place  the  upper  plate  on  an  excited  electro- 
phorous,  bring  a  finger  near  the  upper  plate, 
and  a  lpark  will  pals  between  them.  Now  as 
the  electric  fluid  never  appears  as  a  fpark,  ex- 
cept when  it  gaffes  with  rapidity  from  one  bodv 
to  another,  and  as  the  upper  plate  exhibits  no 
electric  appearance,  if  it  has  not  been  previoufly 
touched  by  a  conductor,  we  may  conclude, 
that  the  electrophorous  only  renders  the  upper 
plate  electric  when  it  has  received  or  loft  a 
quantity  of  electricity., 

Experiment  CLXI. 

Place  one  of  the  fmall  brafs  conductors  with 
ks  pith  balls  on  the  upper  plate,  and  then  put 
them  both  on  the  electrophorous,  the  balls  will 
immediately  feparate  a  little  ;  touch  the  upper 
plate  with  the  finger  an<l  the  divergence  ceafes  ; 
but  on  lifting  this  plate  from  the  electropho- 
rous by  its  glafs  handle  the  balls  diverge  with 
great  force,  forming  a  very  large  angle  ;  on 

taking 
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taking  a  fpark  from  the  plate  they  immediately 
clofc.  The  reparation  of  the  balls  mews  clearly 
that  the  upper  plate  either  abforbs  a  quantity 
of  electricity,  or  imparts  a  portion  of  its  natural 
fhare  to  the  under  one  ;  it  alfo  mews,  that  the 
former,  as  foon  as  it  is  laid  on  the  eledtrophorousy 
acquires  a  fmall  degree  of  electricity,  which  it 
lofes  on  being  touched  with  the  finger  ;  but  it 
again  becomes  eleclrical  when  it  is  feparated 
from  the  electrophorous. 

EXPERIMENT  CLXII. 

Infulate  an  electrophorous,  and  fufpend  i 
pith  ball  by  a  linen  thread,  in  fuch  manner 
that  it  may  be  about  one  quarter  of  an  inch 
from  a  piece  of  metal  which  is  connected  with 
the  bottom  plate  ;  the  ball  does  not  move  when 
the  upper  plate  is  laid  on  the  eleclirophorous, 
but  when  this  is  touched  by  the  finger  the  ball 
is  attracted.  As  foon  as  the  upper  plate  is  ta- 
ken off,  the  inferior  metallic  coating  attracts 
the  ball,  but  quits  it  if  the  coating  is  touched 
by  the  finger.  It  is  alfo  attracted  if  the  upper 
plate  is  put  on  before  the  fpark  has  been  taken 
from  it,  though  it  lafts  longer  and  is  ftrongcr 
if  the  fpark  is  taken  before  it  is  placed  on  the 
electrophorous* 

Ex-- 
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Experiment  CLXIIL 

Electrify  the  under  fide  of  the  electropho- 
rous,  by  connecting  the  under  plate  with  the 
conductor  of  a  machine  ;  the  Upper  plate  will 
give  ftrong  fparks  to  the  hand,  or  any  other 
non-electric.  Touch  the  upper  plate  with  one 
hand,  and  the  under  one  with  the  other,  a 
mock  will  be  received*  The  fame  effect  Is 
produced  if  the  upper  plate  is  electrified  by  the 
machine.     See  fig;  74. 

Experiment  CLXIV. 

Infulate  an  electrophorous  which  is  not  ex-" 
cited,  and  place  the  upper  plate  upon  it,  then 
electrify  the  under  plate  by  a  chain  from  the 
prime  conductor,  take  a  fpark  from  the  chain, 
and  the  electrophorous  acquires  all  the  pro- 
perties which  are  given  to  it  by  exciting  the 
upper  fur  face. 

Experiment  CLXV. 

Connect  the  upper  plate  by  a  chain  with  the 
£rime  conductor,  and  electrify  it,  then  take  a 
fpark  from  the  chain,  and  the  electrophorous 
will  acquire  as  before  the  fame  powers  which 
it  gains  when  the  upper  furface  is  rubbed. 
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Experiment  CLXVI. 

The  fame  effect  is  produced  by  placing  a 
Leyden  phial  on  the  upper  plate  of  an  unexcitec? 
electrophorous,  then  charging  and  difcharging 
it  on  the  plate. 

From  the  three  laft  experiments  we  learn: 
that  the  eleclrophorous  may  be  put  in  action* 
by  communication  as  well  as  by  friction. 

Experiment    C  LX  VII. 

Mr.  Achard  placed  the  upper  plate  on  an  exci- 
ted  electrophorous,  and  a  cube  of  metal,  furnim- 
ed  with  a  glafs  handle,  on  this  plate  ;  on  taking 
the  cube  by  its  handle  from  the  upper  plate,- 
without  previooifly  touching  it^  it  attracted  a 
light  ball.  On  repeating  this  experiment,  and 
touching  the  upper  plate  before  the  cube  was 
taken  off,  it  did  not  appear  in  the  leaft  elec- 
trical. , 

Experiment  CLXVIII. 

By  examining  the  electrophorous  with  fmall 
pith  balls  we  find, 

i.  That  as  foon  as  the  upper  plate  is  placed 
on  an  electrophorous  of  wax  it  acquires  a  weak 
pofitive  electricity  ;  and  the  contrary,  if  placed 
on  an  electrophorous  of  glafs. 

2.  That 
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2.  That  when  the  upper  plate  is  touched  by 
the  finger  it  lofes  all  its  electricity. 

3.  When  the  upper  plate  is  touched  by  the 
finger  and  removed  from  the  electrophorous,  it 
acquires  a  ftrong  negative  eleclricity,  if  the 
electrophorous  is  of  glafs,  and  a  pofitive  elec- 
tricitv  if  it  is  of  wax* 

The  electrophorous  may  be  confidered  as 
formed  of  feveral  horizontal  ftrata  ;  fo  that 
when  the  upper  one  is  excited,  either  by  fric- 
tion or  communication,  it  is  infulated  by  the 
inferior  ftrata  :  now  all  infulated  electrics  pre-- 
ferve  their  electricity  a  confiderable  time,  and 
it  is  from  that  caufe  that  the  electricity  of  the 
electrophorous  continues  fo  long. 

Infulated  and  excited  glafs-  induces  the  nega- 
tive cle^ricity  on  bodies  brought  within  the 
fphcre  ol  its  action,  while  negative  electrics, 
id  fimilar  circumftances,  produce  the  pofitive 
electricity.  Therefore  the  furfacc  of  the  elec- 
trophorous ought  to  communicate  immediately 
a  pofitive  elcdricity  if  it  is  of  wax,  the  nega- 
tive if  it  is  made  of  glafs,  which  is  perfectly 
conformable  to  experiments.  But  when  the 
upper  plate  is  touched  by  the  finger,  the  upper 
furface  of  the  electrophorous  ecafes  to  be  infu- 
lated j  and  gives  the  negative  cfectricity  to  the 
upper  plate,  if  it  is  of  glafs,  and  the  contrary 

N  if 
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if  of  wax,  agreeable  to  the  different  experiments 
which  are  defcribed  in  Chap;  IV. 

Electric  bodies  do  not  put  the  fluid  in  that 
degree  of  motion  which  is  neceffary  to  produce 
the  fpark,  or  exhibit  the  phoenomena  of  at- 
traction and  repulfion,  while  they  are  in  con- 
tact with  conducting  fubftances,  which  is  the 
reafon  why  the  upper  plate  exhibits  no  ugns  of 
electricity  while  it  remains  in  contact  with  the 
under  one,  though  they  become  fenfible  the 
inftant  it  is  removed  from  it* 

As  the  theory  of  this  inflrumettt  has  been 
deemed  very  intricate,  I  have  fubjoined  another 
explanation  of  it,  which  is  given  by  the  editors 
of  the  Monthly  Review* 

"  Therefore,  (in  the  cafe  of  a  glafs  electro- 
phorous)  as  it  is  a  cafe  which  admits  of  a  lbme- 
what  eafier  illuftration,  the  excited  plate  acts 
upon  the  electric  matter  naturally  contained  in 
the  upper  brafs  plate,  fo  as  to  repel  a  part  of  its 
natural  quantity  from  it  in  form  of  a  fpark,  at 
that  part  where  the  finger  is  applied  to  it.  If 
the  brafs  plate  in  this  Hate  is  lifted  up  by  its 
handle,  it  will  receive  a  fpark  from  the  finger. 
On  being  replaced,  and  the  fame  operation  ta* 
king  place,  the  fame  refult  will  be  obtained  ; 
which  may  be  continued  for  a  great  length  of 
time,  without  diminiihing  the  virtue  of  the 
excited  electric,  which  in  fact  does  not  part 

with 
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with  any  of  its  own  electricity,  but  only  repels 
a  part  of  what  is  in  the  upper  plate,  which  is 
repeatedly  reflofed  to  it  from  the  earth  by  the 
perfon  who  makes  the  experiment." 

Experiment  CLXIX. 

Place  a  piece  of  metal  on  an  excited  electro- 
phorous,  it  may  be  of  any  lhape  ;  a  pair  of  tri- 
angular cotnpafTes  are  very  convenient  for  this 
purpofc  Electrify  the  piece  of  metal  with  the 
power  which  is  contrary  to  that  of  the  electro'-* 
phorous,  and  then  remove  it  by  means  of  fome- 
blectiit;  and  afterwards  lift  upon  the  clectropho- 
rous  fome  finely  powdered  refin,  which  will 
form  on  its  furface  curious  radiated  figures. 
CVhen  the  plate  is  negative,  and  the  piece'  of  me- 
al pofkive,  the  powder  forms  itfelf  principally 
ibout  thofe  parts  where  the  metal  was  placed  ; 
5ut  if  the  plate  is  pofitive,'  and  the  fpark  is  ne- 
gative, the  part  where  the  metal  touched  will 
)e  free  from  powder,  and  the  other  parts  more 
:overed< 

Experiment  CLXX. 

Infulate  a  metal  quart  mug,  and  fufpend  a 
pair  of  fmall  pith  balls  by  filk,  fo  that  the  whole 
)f  the  electrometer  may  be  within  the  mug, 

N  2  elec- 
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ele&rify  the  mug,  and  the  electrometer  will  not 
be  in  the  leaft  affected.  The  fimilar  atmO- 
fpheres  counteract  each  other  ;  and  as  no  con- 
trary power  can  take  place  in  the  electrometer, 
it  will  remain  unelectrified.  Touch  the  mug 
with  fome  conducting  fubftance,  and  it  will 
immediately  attract  the  balls. 

Experiment  CLXXL 

Sufpend  a  (mall  cylinder  of  gilt  paper  by  tin- 
foil, and  then  touch  the  electrified  and  infulated 
mug  with  it,  a  fpark  will  pafs  between  them, 
and  the  electricity  will  be  diffufed  in  each  in 
proportion  to  their  capacity.  Now  plunge  the 
infulated  cylinder  to  the  bottom  of  the  mug, 
and  it  will  reftore  to  it  the  electricity  it  had  re- 
ceived, and  does  not  give  the  leaft  fign  of  elec- 
tricity when  taken  out. 

Experiment  CLXXII. 

Connect  a  pair  of  pith  balls  with  an  infulated 
metal  velTel,  in  which  a  metal  chain  is  placed, 
raife  the  chain  by  means  of  a  filk  thread,  and 
the  divergence  of  the  balls  will  diminifh  in  pro- 
portion as  the  chain  is  raifed  and  difplayed ; 
fhewing,  that  the  electricity  is  mined,  and  its 
denfity  is  diminifhed,  in  proportion  as  it  fpreads 

itfelf 
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itfeif  from  the  furface  of  the  veflel  on  the  ex- 
tended chain  ;  which  is  confirmed  by  the  balls 
diverging  again  when  the  chain  is  let  down 
into  the  veflel.  This  experiment  affords  an 
eafy  folution  for  many  of  the  phoenomena  of  at- 
mofpheric  electricity,  as  why  the  vapour  of 
electrified  water  gives  fuch  fmalj  figns  of  elec- 
tricity, and  why  the  electricity  pf  a  cloud  is  in- 
creafed  by  being  comprcfled  or  cpndenfed. 

Experiment  CLXXIII. 

Excite  a  flip  of  white  flannel  or  a  fllk  ribbon, 
md  take  as  many  fparks  from  it  as  it  will  give, 
:hen  double  or  roll  it  up,  and  the  contracted 
lannel  will  pe  flrongly  electrical,  give  fparks, 
tn4  throw  put  brufhes  of  light. 

If  the  advantages  which  may  be  derived 
from  an  imperfecl  Infulation^  and  of  ren- 
dering very  fenfible  very  fmall  degrees  of 
natural  and  artificial  'Electricity ',  by  Mr. 

^Voita.    v'  • '  "  :  ' :  :;:  :>;-:  1,f-: 

A  conductor,  properly  conftructed  for  making 
bfervations  on  atmofpherical  electricity,  will 
sldom  affect  the  moft  fenfible  electrometer  when 
he  Iky  is  free  from  electrical  clouds ;  but  by  means 

N  3  of 
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of  the  apparatus  now  to  be  described  it  will 
appear,  that  thefe  conductors  are  always  elec- 
trical, and  confequently  the  air  which  furrounds 
them  mull  be  at  all  times  electrified.  This  me- 
thod not  only  determines  the  cxiftencc,  but  alfo 
the  quality  of  the  electricity,  whether  pofitive 
Or  negative,  and  that,  even  when  the  conductor 
will  not  attract:  the  fineit  thread  ;  but  if  a  very 
fmall -attraction  is  vifible  in  the  conductor,  then 
the  apparatus  will  give  long  fparks* 

The  electrophorous  ufed  for  this  purpofe  may 
with  propriety  be  termed  a  micro-electrometer, 
or  condenfer  of  electricity. 

Whenever  the  atmofpherical  conductor  gives 
fufficient  ligns  of  electricity,  then  the  conden- 
sing apparatus  becomes  ufelefs.  For  when  the 
.electricity  is  ftrong,  it  often  happens  that  part 
of  the  electricity  of  the  metal  plate  is  imprefTed 
upon  the  other,  in  which  cafe  the  apparatus 
acts  as  an  electrophorous,  and  becomes  unfit 

for  our  purpofe. 

The  apparatus  adapted  for  this  purpofe  con- 

fifts  of  the  upper  plate  of  an  electrophorous, 
and  a  fem^electric,  or  an  imperfect:  conducting 
plane,  which  will  only  hinder  in  a  certain  de- 
gree the  paffage  of  the  fluid.  Many  conduc- 
tors of  this  kind  may  be  formed ;  fuch  as 
a  clean  dry  marble  flab,  a  plate  of  wood,  co- 
vered with  a  coat  of  varnifh,  &c.  The  furface 
of  thofe  bodies  not  contracting  electricitv,  or 
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if  any  fliould  adhere  to  them  it  Coon  vanifhes, 
gn  account'  of  their  femi-conducting  nature; 
for  which  reafon  they  cannot  anfwer  the  end  of 
an  electrophorous,  but  are  fit  to  be  ufed  as 
condenfers  of  electricity. 

Care  mould'  be  taken  however  in  choofing 
this  plane,  that  it  be  not  of  too  free  a  conduct- 
ing nature,  nor  lively  to  become  fo  by  ufe,  it 
being  abfolutely  neceflary  that  the  electricity 
Ihould  find  a  considerable  reyftance  in  pervading 
its  furface.  In  preparing  fuch  a  plane,  by  dry- 
ing, or  otherwife,  it  is  much  better  to  come 
too  near  than  too,  lar  from  a;  non-conductor. 
A  marble  flab  or  board,  properly  dried,  an- 
fwers  well,  and  is  preferable  to  any  other 
plane ;  otherwife  the  plate  of  t;he  electropho- 
raus  is  preferable  to  all  bodies  unprepared. 

The  worft  fort  of  marble,  if  coated  with  co- 
pal,  amber,  or  lac-varnim,  and  then  kept  in 
an  oven  for  a  Ihort  time,  will  anfwer  very  well, 
even  without  previoufly  warming  for  the  expe- 
rimentr 

This,  in  fact,  it  may  be  faid,  is  returning 
to  the  electrophorous  ;  as  marble,  wood,  &c. 
varnimed,  if  they  are  hot,  may  be  excited  by 
a  very  flight  friction,  and  fomctimes  by  only 
laying  the  metal  plate  on  them  ;  to  prevent 
which;  they  Ihould  be  ufed  without  warming. 

N  4  The 
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The  advantages  plates  of  this  kind  have  over 
the  common  eleclrophorous  are,  i .  That  the 
varnifh  is  always  thinner  than  the  common 
refinous  flratum  of  an  electrophorous  ;  and, 
2.  That  the  varnim  acquires  a  fmoother  and 
plainer  furface  :  hence  the  metal  plate  can  with 
more  advantage  be  adapted  to  ir. 

Any  fort  of  plane,  covered  with  dry  and 
clean  oil-cloth,  or  oiled-filk,  or  fattin,  and  any 
other  filk  fluff  that  is  not  very  thick,  may  be 
ufed  with  equal  advantage,  if  it  is  Hightly 
warmed.  Silk  fluffs  anfwer  better  for  this 
purpofe  than  thole  made  of  cotton  or  wool,  and 
both  better  than  linen.  Paper,  leather,  wood, 
ivory,  bone,  and  every  other  fort  of  imperfect 
conductors,  may  be  made  to  anfwer  to  a  certain 
degree,  if  they  are  previoufly  dried,  and  kept 
hot  during  the  experiment. 

This  apparatus  is  rendered  more  fimpie  by 
applying '  the  fiik,  he.  to  the  upper  plate 
of  metal,  which  is  fixed  to  the  glafs  handle,- 
inflead  of  the  marble  or  other  plate,  which 
now  becomes  ufelefs  ,*  for  in  its  flead,  a  plane  of 
any  kind  may  be  ufed,  as  a  common  wooden 
or  marble  table,  even  not  very  dry  ;  a  piece  of 
metal,  a  book,  or  any  other  conductor,  with  a 
flat  furface. 

Nothing  more  is  requifite  in  theft  experi- 
ments, than  that  the  electricity,  which  tends 

to 
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to  pafs  from  one  furface  to  the  other,  Ihould 
meet  with  fome  refiilance  or  oppofition  in  one 
of  the  furfaces,  as  will  be  evident  in  the  fecond 
pari. 

It  is  immaterial  whether  the  non-conducting 
or  femi-conducling  ftratum  be  laid  upon  one 
or  the  other  of  thofe  planes  ;  all  that  is  neoefiary 
is,  that  they  mould  coincide  together,  which 
renders  it  proper  to  ufe  two  planes  that  hav'e 
been  ground  together,  and  one  of  them  varT 
niflied.  A  fingle  metal  plate,  covered  with 
filk,  with  three  filk  firings  fattened  to  it  by- 
way of  handle,  may  be  conveniently  ufed  for 
ordinary  experiments. 

To  ufe  the  apparatus,  the  upper  metal  plate 
mull  be  placed  upon  the  unelectrified  plate, 
and  in  perfect  contact  with  it. 

The  plates  being  thus  placed,  let  a  wire, 
communicating  with  the  conductor,  be  brought 
to  touch  the  metal  plate  of  the  electrophorous, 
and  that  only. 

The  apparatus  being  left  in  that  fituation  a 
certain  time,  will  acquire  a  fufficient  quantity 
of  electricity,  though  but  very  flowly. 

Remove  the  communicating  wire  from  the 
metal  plate,  and,  by  means  of  its  infulated 
handle,  feparate  it  from  the  under  one;  it  will 
now  attract  a  thread,  electrify  an  electrometer, 
and,   if  it  is  ftrong,  will  give  fparjes,  &c. 

though 
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though  the  atmofpherical  conductor  fliewed  no, 
or  only  fmall  figns  of  it. 

It  is  not  eafy  to  determine  the  exact  time 
neceflary  for  this  apparatus  to  remain  in  con- 
tact with  the  conductor,  as  it  will  depend  on 
many  circum fiances  ;  for,  if  there  are  no  figns 
of  electricity  in  the  conductor,  it  will  require 
eight  or  ten  minutes,  but  if  it  attracts  a  fine 
thread,  as  many  feconds  will  be  found  fuffi- 
dent. 

It  is  difficult  alfo  to  determine  the  precife 
degree  to  which  the  electricity  may  be  con- 
denied,  or  how  much  the  electrical  phceno- 
mena  may  be  increafed  by  this  apparatus,  as  k 
depends  on  various  circumftances.  The  aug- 
mentation isa  however,  greater  in  proportion 
as  the  body  which  fupplies  the  metal  plate  has 
a  greater  capacity,  and  is  larger  in  proportion 
as  the  electricity  is  weaker.  Thus,  though 
the  atmofpherical  conductor  has  fcarcely  power 
fufficient  to  attract  a  fine  thread,  it  is  neverthe- 
lefs  capable  of  giving  fuch  a  quantity  of  elec- 
tricity to  the  metal  plate  of  the  electrophorous, 
as  not  only  to  actuate  an  electrometer,  but 
even  dart  ftrong  fparks.  But  if  the  electricity  of 
the  atmofpherical  conductor  is  ftrong  enough, 
to  afford  fparks,  or  to  raife  the  index  of  the 
electrometer  to  5  or  6  degrees,  then  the  ret 
ceiving  plate  of  the  electrophorous,  according 
,    . ,  to 
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to  this  method,  will  raife  its  index  to  the  high- 
.eft  degree,  and  give  a  ftronger  fpark  ;  yet  it 
may  be  plainly  perceived,  that  the  condenfation 
-is  proportionably  lefs  in  this  than  in  the  other 
■cafe  ;  for  this  reafon  the  electricity  cannot  be 
accumulated  beyond  the  greateit  degree  ;  that 
is  to  fay,  when  it  is  increafed  fo  much  as  to  be 
><linipated  every  way.  Therefore,  as  the  elec^- 
tric  power,  which  fupplies  the  condenfer,  is 
meareft  to  the  higheft  degree,  the  condenfation 
is  proportionably  lefs  ;  but  in  this  cafe  the  con- 
•dcnfer  is  ufelefs;  its  principal  ufe  being  to 
collect  and  render  fcnfible  that  fmall  quantity  of 
.electricity  which  would  otherwife  remain  im- 
perceptible and  unobferved. 

Hitherto  we  have  adapted  our  condenfer  to 
,the  detecting  weak  atmofpherical  electricity, 
.as  brought  down  by  the  .conductor  ;  but  this, 
though  the  principal,  is  not  the  only  ufe  to 
which  it  may  be  applied.  It  will  likewife  dif- 
eover  artificial  electricity,  when  it  is  fo  weak  as 
not  to  be  diCcoverable  by  any  other  means. 

A  Leyden  phial  .charged,  and  then  difchar- 
ged  by  touching  its  coated  fides  with  the  dis- 
charging rod  or  the  hand,  appears  to  be  quite 
deprived  of  its  electricity  ;  yet,  if  you  touch 
the  knob  of  it  with  the  metal  plate  of  the  con- 
denfer, (fituated  upon  an  imperfect  conducting 
plane)  and  immediately  take  up  the  plate,  it 

will 
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■will  be  found  to  give  very  confpicuous  figns  of 
electricity.  But,  if  juft  fufficient  charge  is  left 
in  the  phial  to  attract  a  fine  thread,  and  the  me- 
tal plate  is  then  brought  to  touch  the  knob  for 
a  moment,  it  will,  when  lifted  up,  give  a 
flrong  fpark,  and  if  touched  again,  a  fecond 
fcaree  fmaller  than  the  former  ;  and  thus,  fpark 
after  fpark  may  be  obtained  for  a  long  time. 

This  method  of  producing  fparks,  by  means 
of  a  pfyial  which  is  not  charged  fo  high  as  to 
give  fparks  of  itfelf,  is  very  convenient  for 
various  pleafing  experiments  ;  as  to  fire  or  light 
the  inflammable  air-piftol,  or  lamp  ;  efpecially 
when  a  perfon  is  provided  with  one  of  thofe 
phials  contrived  by  Mr.  Cavallo,  which,  when 
charged,  may  be  carried  in  the  pocket  a  long 
time.  Thefe  phials,  as,  they  retain  a  fenfible 
charge  for  feveral  days,  will  retain  an  infenfible 
one  for  Weeks  and  months  ;  or,  fuch  a  one  as 
cannot  eafily  be  difcovered  without  the  con- 
denfer,  in  which  cafe  it  becomes  more  than 
fenfible,  and  fufficient  for  the  experiments  of 
the  inflammable  air-piftol,  &c. 

Secondly.  If  you  have  an  electrical  ma- 
chine fo  far  out  of  order  that  its  conductor 
will  not  give  a  fpark,  nor  attract  a  thread, 
then  let  this  conductor  touch  the  metal  plate 
of  the  condenfer,  and  continue  in  that  fituation 
a  few  minutes,  (the  machine  being  Hill  in  mo- 
tion) 
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tion)  lift  up  tne  metal  plate,  and  you  will  obtain 
from  it  a  ftrong  fpark. 

Thirdly.  If  the  electrical  machine  acts  well* 
but  the  conductor  is  fo  badly  iniulated  that  it 
will  not  give  a  fpark,  either  from  its  being  con- 
nected with  the  walls  of  the  room,  or  by  having 
a  chain  from  it  to  the  table,  let  the  conductor 
in  this  Hate  touch  the  metal  plate  of  the  con- 
denler  while  the  machine  is  in  action,  the 
plate  will  afterwards  give  fufEcient  ftrong  figns 
of  electricity ;  which  proves  the  great  power 
this  apparatus  has  of  drawing  and  condenfing 
the  electricity". 

Fourthly^  Whsre  the  electrometers  are  not 
fufficiently  fenfible  to  difcovcr  the  quantities 
of  excited  electricity,  thofe  quantities  may- 
be readily  explored  by  the  condenfer.  For  this 
purpofe,  rub  thofe  bodies  with  the  metal  piste 
of  the  condenfer,  which  for  this  purpofe  rnufl 
be  naked,  and  if  the  plate  be  then  prefented  to 
an  electrometer,  it  will  be  found  confiderably 
electrified,  although  the  body  rubbed  may  have 
acquired  little  or  no  electricity.  The  quality, 
whether  pohtive  or  negative,  may  be  eafily  af- 
certained,  lince  the  electricity  of  the  metai 
plate  muft  be  the  contrary  of  that  body  on 
which  it  was  rubbed.  Mr.  Cavallo  made  ufe 
of  this  method  to  difcovcr  the  electricity  of 
many  bodies.    But  a  ftill  better  method  may 

be 
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be  ufed  in  cafe  the  bodies  to  be  examined  can- 
not eafily  be  Adapted  to  the  metal  plate,  viz^ 
The  metal  plate  being  laid  on  the  imperfect 
conducting  plane;  the  body  to  be  tried  is 
rubbed  again  ft,'  or  repeatedly  ftroaked  upon  it, 
which  done,  the  plate  is  taken  up  and  exa- 
mined by  an  electrometer.  If  the  body  tried  is' 
leather,  a  firing,  cloth,  velvet,  or  other  im- 
perfect conductor  of  the  like  fort,  the  plate' 
will  certainly  be  found  electrified,-  and  incom- 
parably more  by  this  means  than  if  it  were 
ftroaked  by  the  fame  bodies,:  whilft  landing 
infulated  in  the  air.  In  fliort,  by  either  of 
thofe  methods  you  will  obtain  electricity  from 
bodies  which  cOuld  hardly  be  expected  to  give- 
any,  even  when  they  are'  not  very  dry.;  Indeed, 
coals  and  metals  excepted,  every  other  body 
will  afford  fame  electricity*-  Electricity  may 
often  be  obtained  by  itroaking  the  plate  with 
the  naked  hand* 

The  metal  plate  has  a  much,  greater  power 
to  retain  electricity  when  it  lies  upon  a  proper 
plane,  as  mentioned  in  the  foregoing  experi- 
ments, than  when  quite  infulated.- 

It  is  eafy  to  comprehend,  that  where  the  ca- 
pacity of  holding  electricity  is  greateft,  there 
the  intenfity  of  the  electricity  is  proportionably 
lefs,  for  it  will  then  require  a  greater  quantity 
to  raifc  it  to  a  given  degree  of  intenfity ;  fo  that; 
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the  capacity  is  inverfely  as  the  vHtcvfity ;  by 
which  we  mean,  that  endeavour*  by  which  the 
electricity  of  an  electrified  body  tends  to  efcape 
from  all  parts  of  it ;  to  which  tendency  or  en- 
deavour, the  electrical  phcenomena  of  attraction 
and  repulfion,  and  efpecially  the  degree  of  ele- 
vation of  an  electrometer,  correfpond. 

That  the  intenfity  of  electricity  mufl  be.  in- 
verfely proportional  to  the  capacity  of  the  body 
electrified  will  be  clearly  exemplified  by  the 
following  experiment. 

Experiment  CLXXIV. 

Take  two  metal  rods  of  equal  diameter,  trie 
one  a  foot,  the  other  five  feet  long ;  let  the 
firit  be  electrified  till  the  index  of  the  electrd- 
meter  rifes  to  6o°,  then  let  it  touch  the  other 
rod  ;  and  in  that  cafe  it  is  evident,  that  the  in- 
tenfity  of  the  electricity  being  diftided  between 
the  two  rods,  will  be  dirriiniihcd  as  the  capacity 
is  increafed ;  lb  that  the  index  of  the  electro- 
meterj  which  before  was  elevated  to  6o°t  will 
now  fall  to  io°,  viz.  to  one  fixth  of  the  for* 
mer  intenfity.  For  the  fame  reafon,  if  the  like 
quantity  of  electricity  was  communicated  to  a 
rod  60  feet  long,  its  intenfity  would  be  dimi- 
nimcd  to  one  degree;  and  on  the  contrary, 
if  the  electricity  of  the  long  conductor  was 

con- 
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contracted  into  the  60th  part  of  that  capacity, 
its  inteniky  would  be  incrcafed  to  60. 

Conductors  of  different  bulk  have  not  only 
different  capacities  for  holding  electricity,,  but 
alfo  the  capacity  of  the  fame  conductor  is  in- 
creafed  and  diminilhed  in  proportion  as  its  fur- 
face  is  enlarged  and  contracted  ;  as  is  fhewn  in 
Dr.  Franklin's  experiment  of  the  can  and  chain, 
&c;  from  which  it  has  been  concluded,  that  the 
capacity  of  conductors  is  in  proportion  to  their 
furface,  and  not  to  their  quantity  of  matter; 

This  conclufion  is  true,  but  does  not  com- 
prehend the  whole  theory,  fince  even  the  extcn- 
fion  contributes  to  increafe  the  capacity.  In 
ihort,  it  appears  from  all  the  experiments  hi- 
therto made,  that  the  capacity  of  conductors 
is  not  in  proportion  to  the  furfaces  in  general, 
but  to  the  furfaces  which  are  free,  or  uninflu- 
enced by  fimilar  or  homologous  atmofpheres ; 
and  further,  that  the  capacity  of  a  conductor, 
neither  altered  in  its  form  or  furface,  is  in- 
creafed,  when  inftead  of  remaining  quite  infu- 
lated,  it  is  prefented  to  another  not  infulated  ;• 
and  this  increafe  is  more  confpicuous,  as  the 
furfaces  of  the  conductors  are  larger  and  ap- 
proach nearer  to  each  other. 

The  above-mentioned  eireumftanees,  by 
which  the  natural  capacity  of  conductors  is 
greatly  augmented,  has  been  overlooked,  and 

there- 
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therefore  no  advantage  has  hitherto  been  de- 
duced from  it.  The  following  experiment 
will  fliew  this  incrcafed  capacity  in  the  fim- 
pleft  manner. 

Experiment  CLXXV. 

Take  the  metal  plate  of  art  eleclrophorous, 
hold  it  by  its  handle  in  the  air,  and  electrify  it 
fo  high  that  die  index  of  an  electrometer  an- 
nexed to  it  may  be  elevated  to  60°,  then  lower 
the  p'late  by  degrees  to  a  table,  or  other  plane 
conducting  furface,   the  index  will  gradually 
fall  from  6o°  to  500,  400,  300,'  he.  and  yet 
the  quantity  of  electricity  in  the  plate  remains 
the  fame,  except  it  is  brought  fo  near  the  table 
as  to  occafion  a  tranfmiffion  of  the  electricity 
from  the  former  to  the  latter  ;  at  leaft,  it  wiM 
remain  as  near  the  fame  as  the  dampnefs  of  the 
air,  &c.  will  permit.    The  decreafe  of  itltenfity 
is  owing  to  the  inereafed  capacity  of  the  plate, 
which  is  now  not  infulated,  or  folitary,  but 
conjugate,  or  communicating  with  another  con- 
ductor :  for,  let  the  plate  be  gradually  re- 
moved from  the  table,   the  electrometer  will 
rife  again  to  its  former  ftation,  namely,  to  6o°  ; 
excepting  the  lofs  that  the  air,  &c.  may  have 
pecafioned  during  the  experiment. 

O  The 


194  AN  ESSAY 


The  reafon  of  this  phenomenon  is  eafily  de- 
rived from  the  action  of  electric  atmofpheres. 
The  atmofphere  of  the  metal  plate,  which  for 
the  prefent  I  mall  fuppofe  electrified  pofitively, 
ads  upon  the  table,  or  other  conductor,  to 
which  it  is  prefented ;  fo  that  the  electric  fluid 
in  the  table,  retiring  to  the  remoter  parts  of  it, 
becomes  more  rare  in  thofe  parts  which  are  ex- 
pofed  to  the  metal  plate,  and  this  rarefaction 
increafes,  the  nearer  the  electrified  metal  is 
brought  to  the  table.  If  the  metal  plate  is 
electrified  negatively,  the  contrary  effects  take 
place.  In  fhort,  the  parts  which  are  immerfed 
in  the  fphere  of  action  of  the  electrified  plate, 
by  contracting  a  contrary  electricity,  give  the 
electricity  of  the  metal  plate  an  opportunity  to 
expand  itfelf,  and  will  thus  diminifh  its  inten- 
fity,  as  is  Ihewn  by  the  depreffion  of  the 
electrometer. 

The  two  following  experiments  will  throw 
more  light  upon  the  reciprocal  action  of  the 
electric  atmofpheres. 

Experiment  CLXXVI. 

Electrify  two  flat  conductors,  either  both 
pofitively  or  negatively,  then  bring  them  gradu- 
ally towards  each  other,  and  it  will  appear,  by 
two  annexed  electrometers,  that  the  nearer  they 

approach 
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approach  each  other,  the  more  their  denfities 
will  increafe,  as  all  elaftic  bodies  rc-act  in  pro- 
portion as  they  are  acted  on ;  which  ihews, 
that  either  of  the  two  conjugate  powers  has  a 
much  lefs  capacity  to  receive  more  fluid  now 
than  when  fingly  infulated,  and  out  of  the  in- 
fluence of  the  other.  This  experiment  explains, 
why  the  tenfion  of  the  electric  atmofphere  011 
an  electrified  conductor  is  greater  when  it  is 
contracted  into  a  fmaller  bulk  ;  and  alfo,  why  a 
long  extended  conductor  will  Ihew  lefs  intenfity  \  v 
than  a  more  compact  one,  fuppofing  their 
quantity  of  furface  and  electricity  to  be  the 
fame  ;  becaufe  the  homologous  atmofpheres  of 
their  parts  interfere  lefs  with  each  other  in  the 
former  than  in  the  latter  cafe,  and  of  courfe, 
as  their  action  is  lefs,  the  re-action  is  alfo 
lefs. 

Experiment  CLXXVII. 

Electrify  one  of  thefe  flat  conductors  pofi- 
tively,  the  other  negatively,  and  the  effects  will 
then  be  juft  the  reverfe  of  the  preceding  ;  viz. 
the  intenfity  of  their  electricities  will  bei'dimi- 
nilhed,  becaufe  their  capacities,  or  thein  power 
and  facility  of  expanding  are  increafed  the  near- 
er the  conductors  come  to  each  other. - 
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Apply  the  explanation  of  this  laft  experiment 
to  that  mentioned  before,  viz.  the  bringing  the 
electrified  metal  plate  towards  a  conducting 
plane  which  is  not  infulat'cd  ;  for,  as  this  plane 
acquires  a  contrary  electricity,  it  followsy  that 
the  intensify  of  electricity  in  the  metal  plate 
muft  be  diminifhed,  and  the  annexed  electrome- 
ter is  deprefled  according  as  the  capacity  of 
the  plate  is  increafed,  or  as  the  denfity  of  its 
atmofphere  is  diminifhed ;  and  consequently, 
the  plate  in  that  fituation  is  capable  of  receiving 
a  greater  quantity  of  electricity. 

This  will  be  rendered  flill  clearer  by  the  fol- 
lowing experiment. 

Experiment  CLXXVIIL 

Infulate  the  conducting  plane  whilft  thrf 
other  electrified  plate  is  upon  it,  and  after- 
wards feparating  them,  both  the  metal  plane 
and  conducting  plane,  which  may  be  called  the 
inferior  plane^  will  be  found  electrified,  but 
poffeffed  of  contrary  electricities,  as  may,  be 
afcertained  by  electrometers. 

If  the  inferior  plane  is  infulated  firft,  and 
then  the  electrified  plate  is  brought  over  it, 
then  the  latter  will  caufe  an  endeavour  in  the 
former  to  acquire  a  contrary  electricity,  which 
the  infulation  prevents  from  taking  place;  hence 

the 
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the  intenfity  of  the  electricity  of  the  plate  is  not 
diminimed,  at  leaft,  the  electrometer  will  mew 
a  very  little,  and  almoft  imperceptible  depref- 
fion,  which  fmall  depremon  is  owing  to  the 
imperfection  of  the  infulation  of  the  inferior 
plane,  and  to  the  fmall  rarefaction  and  conden- 
fation  of  the  electric  fluid  which  may  take  place 
in  different  parts  of  the  faid  inferior  plane. 
But  if,  in  this  fituation,  the  inferior  plane  be 
touched  fo  as  to  cut  off  the  infulation  for  a  mo- 
ment, then  it  will  acquire  the  contrary  elec- 
tricity, and  the  intenfity  in  the  metal  plate  will 
be  diminimed. 

If  the  inferior  plate,  inilead  of  being  infu- 
lated,  were  itfelf  a  non-conducting  fubftance, 
then  the  fame  phcenomena  would  happen,  viz. 
the  intenfity  of  the  electrified  metal  plate  laid 
upon  it  would  not  be  diminimed.    This,  how- 
ever, is  not  always  the  cafe,  for  if  the  faid  in- 
ferior non-conducting  plane  is  very  thin,  and 
is  laid  upon  a  conductor,  then  the  intenfity  of; 
the  electrified  metal  plate  wil)  b.e  diminifhed, 
and  its  capacity  will  be  increafed  by  being  laid 
upon   the    thin    infulating.   ftratum  ;   as  in 
that  cafe,    the  conducting  fubftance,  which 
Hands  under  the  non-conducting  ftratum,  ac- 
quiring an  electricity  contrary  to  that  of  the 
metal  plate,  will  diminifh  its  inpenfity,  &c. 
and  then  the  infulating  ftratum  will  only  dimi- 
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nifh  the  mutual  action  of  the  two  atmofphcres 
more  or  lcfs,  according  as  it  keeps  them  at 
greater  or  {mailer  diftances  from  each  other. 

The  intenfity  or  electric  action  of  the  metal 
plate,   which  diminifhes  gradually  as    it  is 
brought  nearer  and  nearer  to  a  conducting 
plane  not  infulated,  becomes  almoft  nothing 
when  the  plate  is  nearly  in  contact  with  the 
plane,    the  compenfation  or  natural  balance 
being  nearly  perfect.    Hence,  if  the  inferior 
plane  only  oppofes  a  fmall  refiftance  to  the  paf- 
fage  of  the  electricity,  (whether  fuch  refiftance 
is  occafioned  by  a  thin  electric  fliratum,  or  by 
the  plane's  imperfect  conducting  nature,  as  is 
the  cafe  with  dry  wood,  marble,  &c)  that  re- 
iiftance,  joined  to  the  interval,  however  fmall, 
that  is  between  the  two  plates,  cannot  be  over- 
come by  the  weak  intenfity  of  the  electricity  of 
the  metal  plate,  which  on  that  account  will 
not'  dart  any  fpark  to  the  inferior  plane,  (ex- 
cept its  electricity  were  very  powerful,  or  its 
edges  not  well  rounded)  and  will  rather  retain 
its  electricity  ;  fo  that  being  removed  from  the 
inferior  plane,  its  electrometer  will  nearly  re- 
cover its  former  height.    Befides,  the  electri- 
fied plate  may  even  come  to  touch  the  imper- 
fectly conducting  plane,  and  may  remain'  in 
that  fituation  for  fome  time  ;  in  which  cafe, 
the  intenfity  being  reduced  almoft  to  nothing, 

the 
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the  electricity  will  accordingly  pafs  but  flowly 
to  the  inferior  plane.    But  the  cafe  is  different, 
if,  in  performing  this  experiment,  the  electri- 
fied metal  plate  touches  the  inferior  plane  edg- 
wife,  for  then  its  intenfity  being  greater  than 
when  it  is  laid  flat,  as  appears  by  the  electrome- 
ter, the  electricity  eafily  overcomes  the  fmall 
refinances,  and  paffes  to  the  inferior  plane, 
even  acrofs  a  thin  ftratum,  becaufe  the  electri- 
city of  one  plane  is  balanced  by  that  of  the 
other,  only  in  proportion  to  the  quantity  of 
furface  which  they  oppofe  to  each  other  within 
a  given  diftance  ;  fo  that  when  the  metal  plate 
touches  the  other  plane  in  flat  and  ample  con- 
tact, its  electricity  is  not  dimpated.    This  ap- 
parent paradox  is  clearly  explained  by  the  theo- 
ry of  electric  atmofpheres*  . 

'Tis  flill  more  like  a  paradox,  that  neither 
touching  the  metal  plate  with  a  finger  or  piece 
of  metal  will  deprive  it  of  all  its  electricity, 
while  Handing  upon  the  proper  plane  ;  fo  that 
it  generally  leaves  it  fo  far  electrified,  that 
when  fepa rated  from  the  plane  it  will  give  a 
fpark.  Indeed,  this  phcenomenon  could  not 
be  explained  on  the  fuppofition,  that  the  finger 
or  metals  were  perfect  conductors.  But,  fince 
we  do  not  know  of  any  perfect  conductor,  the 
metal  or  finger  oppofe  a  fufEcient  refinance  to 
retard  the  immediate  diflipation  of  the  electri- 
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city  of  the  plate,  which  is  in  that  cafe  actuated 
by  a  very  fmall  degree  of  intenfity,  or  power 
of  expanfion  ;  fo  that,  fuppofe  for  inftance, 
the  piece  of  metal  or  finger  touching  the  plate, 
took  off  fo  much  of  its  electricity  as  to  reduce 
the  intenfity  of  the  remainder  to  the  50th  part 
of  a  degree  ,  this  remaining  electricity  would 
be  then  nothing;  but  when  the  plate,  by  being 
feparated  from  the  inferior  plane,  has  its  capa- 
city fo  far  diminimed  as  to  render  the  intenfity 
of  its  electricity  100  times  greater,  then  the 
intenfity  of  that  remaining  electricity  would  be- 
come of  two  degrees  or  more ;  viz.  fufheient 
to  afford  a  fpark. 

Having  coniidered  in  what  manner  the  action 
of  electric  atmofpheres  modifies  the  electricity 
of  the  metal  plate  in  its  various  fituations,  we 
fhall  now  confider  the  effects  which  take  place 
when  the  electricity  is  communicated  to  the 
metal  plate,  whilft  fianding  upon  a  metal 
plane.  As  the  whole  bufmefs  has  been  proved 
in  the  preceding  pages,  it  is  eafy  to  deduce 
the  applications  from  it  ;  neverthelefs,  it  will 
be  ufeful  to  exemplify  it  by  an  experiment. 

Experiment  CLXXIX. 

Suppofe  a  Leyden  phial  or  a  conductor,  fo 
V/eakly'  electrified  that  its  intenfity  is  on  half  a 

degree, 
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degree,  or  even  lefs  :  if  the  metal  plate  of  the 
condenfer,  when  ftanding  upon  its  proper 
plane,  was  to  be  touched  with  that  phial  or 
.conductor,  it  is  evident,  that  either  of  them 
would  impart  to  it  a  quantity  of  its  electricity, 
proportional  to  the  platens  capacity,  viz.  fo 
much  as  mould  make  the  intenfity  of  the  elec- 
tricity of  the  plate  equal  to  that  of  the  electri- 
city in  the  conductor  or  phial,  viz.  half  a  de- 
gree ;  but  the  plate's  capacity,  now  it  lies 
iipon  a  proper  plane,  is  above  1 00  times  great- 
er than  if  it  flood  infulated  in  the  air  ;  or, 
which  is  the  fame  thing,  it  acquires  100  times 
more  electricity  from  the  phial  or  conductor. 
It  naturally  follows,  that  when  the  metal  plate 
is  removed  from  the  proper  plane,  its  capacity 
being  lefTened  fo  as  to  remain  equal  to  the  100th 
part  of  what  it  was  before,  the  intenfity  of  its 
electricity  mud  become  500,  fince  the  intenfity 
of  the  electricity  in  the  phial  or  conductor  was 
half  a  degree. 

If  a  fmall  quantity  of  electricity,  applied  to 
the  metal  plate  of  the  condenfer,  enables  it  to 
give  a  ftrong  fpark,  it  may  be  afked,  What 
would  a  greater  quantity  do  ?  Why  nothing 
more.  Becaufe,  when  the  electricity  commu- 
nicated to  the  metal  plate  is  fo  ftrong  as  to 
overcome  the  fmall  refinance  of  the  inferior 
plane,  it  will  be  diffipated. 

It 
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It  is  eafy  to  underftand,  that  if  the  metal 
plate  of  the  condenfcr  can  receive  a  good  fhare 
of  electricity  from  a  Ley  den  phial  or  ample 
conductor,  however  weakly  electrified,  it  can- 
not receive  any  confiderable  quantity  of  it  from 
a  conductor  of  fmall  capacity  ;  for  this  conduce 
tor  cannot  give  what  it  has  not,  except  it  were 
continually  receiving  a  ftream,  however  fmall ; 
as  is  the  cafe  with  an  atmofpherical  conductor, 
or  with  the  conductor  of  a  machine  which  acts, 
very  poorly  but  continues  in  action.  In  thofe 
cafes  it  has  been  obferved,  that  a  confiderable 
time  is  required  before  the  metal  plate  has  ac- 
quired a  fufneient  quantity  of  electricity. 

As  an  ample  conductor,  weakly  electrified, 
imparts  a  confiderable  quantity  of  electricity  to 
the  metal  plate  of  the  condenfer,  fo,  when  this 
plate  is  afterwards  fcparated  from  its  plane,  the 
electricity  in  it  appears  much  condenfed  and 
vigorous  ;  fo,  when  the  fame  plate  contains  a 
fmall  quantity  of  electricity,  fuch  as  cannot 
give  a  fpark  or  affect  an  electrometer,  that  elec- 
tricity may  be  rendered  very  confpicuous  by 
communicating  it  to  another  fmall  plate  or  con- 
denfer. 

Mr.  Cavallo  firft  thought  of  this  improvement, 
by  reafoning  on  Mr.  Volta's  experiments.  He 
made  a  fmall  metal  plate  not  exceeding  the  fize 
of  a  milling.    This  fecond  condenfer  is  of  great 

ufe 
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ofe  in  many  cafes  where  the  electricity  is  fo 
{mall  as  not  to  be  at  ail,  or  not  clearly,  obfer- 
vable,  by  one  condenfer  only,  as  has  been  fully 
proved.  Sometimes  the  ufual  metal  plate  of 
my  condenfer  acquired  fo  fmall  a"  quantity  of 
electricity,  that  being  afterwards  taken  from 
the  inferior  plane,  and  prefented  to  an  ex- 
treamly  fenlible  electrometer,  made  by  Mr.  Ca- 
vallo,  it  did  not  affect:  it.  In  this  cafe,  if  the 
faid  plate,  thus  weakly  electrified,  was  made  to 
touch  the  other  fmall  plate  properly  fituated, 
and  was  afterwards  brought  near  an  electrome- 
ter, the  electricity  was  then  generally  ftronger 
than  was  fufficient  merely  to  afcertain  its 
quality. 

Now  if,  by  the  help  of  both  condenfers,, 
the  intenfity  of  the  electricity  has  been  aug- 
mented 1000  times,  which  is  by  no  means  an 
exaggeration,  how  weak  muft  then  be  the  elec- 
tricity of  the  body  examined  !  how  fmall  the 
quantity  of  electricity  that  is  produced  by  rub- 
bing a  piece  of  metal  with  one's  hand  !  fince, 
when  it  is  condenfed  by  both  condenfers,  and 
then  communicated  to  an  electrometer,  it  will 
hardly  affect  that  inftrument,  and  yet  is  fuffi- 
cient to  afford  conviction  that  the  metal  can 
be  electrified  by  the  friction  of  a  perfon's  hand. 

Before  the  difcovery  of  the  condenfer  and 
Mr.  Cavallo's  very  fenfible  electrometer,  we 

were 
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were  far  from  being  able  to  difcover  fuch  weak 
excitations  ;  whereas,  at  prefent,  we  can  obferve 
a  quantity  of  electricity  incomparably  fmaller 
than  the  fmalleft  obfervable  at  thofc  times* 


CHAP* 
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CHAP.  XII. 

Of  Atmofpherical  Elefiricity. 

FOR  the  fubject  of  this  chapter  we  are  prhi-» 
cipally  indebted  to  P.  Beccaria,  who  hat 
for  many  years  accurately  obferved  the  various 
changes  in  the  electricity  of  the  atmofphere, 
and  their  relation  to  the  other  phcenomena  of 
the  weather.  His  apparatus  was  admirably  well 
adapted  for  this  purpofe,  and  fuperior  to  any 
thing  that  we  are  at  prefent  acquainted  with, 
for  intimating  eafily  and  at  all  times  the  elec- 
tricity of  the  air,  It  not  being  at  fir  ft  fufpected; 
that  electricity  Was  fo  intimately  blended  with 
every  operation  of  nature,  as  it  is  now  known 
to  be.  The  labourers  in  this  part  are  of  courfe 
very  few,  the  principal  are  P.  Beccaria,  Mr. 
Ronayrie,  and  Mr.  Cavallo. 

I  have  extracted  and  methodized  the  remits 
of  the  obfervations  made  by  P.  Beccaria,  intro- 
ducing occafionally  thofe  made  by  others,  that 
the  reader  might  be  in  poffcffion  of  the  moft 
material  fads,  and  excited  to  inveftigate  and 
purfue  with  attention  this  delicate  and  impor- 
tant fubjedt;  for,  indeed,  little  certainty  can 
be  expected  from  any  fyftem  of  meteorology 
where  the  action  of  the  principal  agent  is  not 
particularly  considered  and  attended  to. 

The 
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The  apparatus  uf&d  by  P.  Beccaria,  for  in- 
veftigating  the  electricity  of  the  atmofphere, 
was  an  iron  wire,  which  he  terms  an  exploring 
wire,  one  hundred  and  thirty-two  feet  long. 
It  was  fixed  at  one  end  to  a  pole  raifed  over  the 
chimney,  the  other  end  was  fattened  to  the  top 
of  a  cherry-tree.  The  extremities  of  the  wire 
were  infulated,  and  covered  with  a  fmall  um- 
brella of  tin.  Another  wire  was  brought  from 
this,  (through  a  thick  glafs  tube,  coated  with 
fealing-wax)  into  the  room ;  by  which  means, 
continual  information  of  the  ftate  of  the  elec- 
tricity in  the  exploring  wire  was  obtained.  He 
connected  with  this  wire  a  fmall  flip  of  metal, 
on  each  lide  of  which  was  a  fmall  pith  ball, 
one  line  diameter ;  the  balls  were  fufpended  by 
jilk  threads,  fixteen  lines  long. 

The  electricity,  in  ferene  weather,  generally 
makes  each  of  the  balls  diverge  about  6  lines  ; 
when  it  is  very  ftrong,  they  will  diverge  15  or 
20  degrees  from  the  metal  plate ;  when  weak, 
the  divergence  is  very  fmall. 

In  ferene  weather,  the  wire,  after  being 
touched,  will  take  a  minute  or  longer  before  it 
again  fhews  figns  of  electricity  ;  though,  at 
other  times,  it  will  become  electrified  in  the 
jpace  of  a  fecond. 

The  electricity  during  ferene  weather  is  al- 
ways pofitive.     There  are  few  inftances  in 

which 
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which  it  is  negative,  and  then  it  is  brought 
over  by  the  wind  from  fome  part  of  the  atmo- 
fphere,  (perhaps  very  diftant  from  the  place  of 
obfervation)  where  there  is  either  fog,  mow, 
rain,  or  clouds.  The  whole  feries  of  obfer- 
vations  which  P.  Beccaria  has  made  confirm 
this  pofition.  He  feems  to  have  met  with  only 
three  or  four  inftances  to  the  contrary. 

Dr.  Franklin  has  obferved,  that  the  clouds 
are  fometimes  negative,  which  is  certainly 
true  ;  becaufe  they  will  at  times  abforb  at,  and 
through  the  apparatus,  a  large  and  full  bottle  of 
pofitive  electricity,  of  which  the  apparatus 
could  not  have  received  and  retained  the  100th 
part.  And  it  is  eafy  to  conceive,  how  a  ftrongly 
charged  large  pofitive  cloud  may  reduce  fmaller 
clouds  to  a  negative  flare. 

The  electricity  of  the  atmofphcre  is  very 
much  connected  with  the  ftatc  of  the  air,  as  to 
moiflure  and  drynefs ;  fo  that  it  is  neceffary  to 
attend  to  the  hygrometer,  in  order  to  form  a 
proper  judgment  of  the  different  degrees  of 
electricity  at  different  times.  That  invented  by 
Mr.  Coventry,  which  is  made  of  hatters'  paper, 
will  anfwer  belt  ;  it  is  very  fenfible,  abforbs 
moiflure  foon,  and  parts  with  it  eafily.  Com- 
parative obfervations  may  alfo  be  made  with 
it.  It  is  alfo  neceffary  to  place  a  thermometer 
near  the  hygrometer,  to  afcertain  what  quantity 

of 
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of  moifture  the  air  can  keep  in  folution  wrtW 
a  given  degree  of  heat.  Though  this  object 
will  more  probably  be  obtained  by  obfervfog 
accurately  the  quantity  of  moifture  evaporated 
from  a  given  furface  at  different  times.  It  is 
alfo  to  be  obferved.,  that  the  different  degrees 
of  denfity  in  the  air  will  affect  the  quantity  of 
moifture  which  is  retained  in  the  air. 

The  moifture  in  the  air  is  the  conftant  con- 
ductor  of  the  atmofpheric  electricity  during 
clear  weather  ;  and  the  quantity  of  electricity 
is  proportioned  to  the  quantity  of  moifture 
which  furrounds  the  exploring  wire  ;  except 
there  is  fo  much  as  to  leften  the  exactnefs  of 
the  infulation  of  the  wire  and  of  the  atmo- 
ipherei  In  a  dry  ftate  of  the  air  it  will  fome- 
times  be  above  a  minute  before  the  balls  will 
manifeft  any  electricity  after  the  wire  has  been 
touched ;  though  in  a  damper  ftate,  a  fecond 
will  fcarce  elapfe  before  rapid  ofcillations  of 
the  balls  may  be  obferved  between  the  finger 
and  the  plate  of  brafs  to"  which  they  are 
affixed.*' 

The 

*  In  making  obfervations  on  the  electricity  of  the  atmo. 
fphere  in  clear  weather,  it  is  eflential  to  repeat  them  very 
frequently  ;  i.  e.  to  obferve  the  velocity  with  which  the  elec- 
tricity rifes  after  it  has  been  annihilated  j  which  P.  Beccari* 
generally  eftimated-  by  the  number  of  feconds  elapfed  before 
the  balls  began  to  mani'elt  their  electricity. 
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-   The  electricity,  when  the  weather  clears  up, 
is  always  pofitive.    When  the  weather  is  clearJ 
ing  up,  and  becomes  dry  quickly,  the  elec- 
tricity rifes  to  a  great  degree  of  intenfity,  and 
affords  frequent  opportunities  for  repeating  the 
obfervations.    It  fometimes  happens,  that  the 
electricity,  caufed  by  the  clearing  up  of  the' 
weather,  continues  in  its  ftate  of  intenfity  for  a 
long  while  ;  and  alfo,   after  being  interrup- 
ted, it  begins  afrefh.    Thefe  accidents  feem 
to  be  owing,  to  the  electricity  being  brought 
over  by  the  wind  from  great  diftances; 

P.  Beccaria  fays,  that  whenever  he  obferved 
that  the  thick  low  clouds  which  were  over 
his  head  began  to  break,  and  the  rare  even 
clouds,  which  are  above  the  former,  became 
dilated,  that  the  rain  ceafed,  and  the  balls 
diverged  with  pofitive  electricity,  he  always? 
wrote  down  certain  tendency  to  clear  weather. 

Prior  Ceca  fays>  that  a  ftrong  pofitive  elec- 
tricity after  rain  is  an  indication  that  the  wea- 
ther will  continue  fair  for  feveral  days.  If  the 
electricity  is  weak,  it  is  a  fign  that  the  fair 
weather  will  not  laft  the  whole  day,  but  that  it 
will  foon  be  cloudy,  and  even  rain. 

If,  when  the  Iky  grows  clouded  over  the' 
place  of  obfervation,  and  a  high  cloud  is 
tormed,  without  any  fecondary  clouds  under 
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it,  and  that  it  is  not  an  extcnfion  of  a  cloud 
which  drops  rain  elfewhcrc  ;  either  no  electri- 
city takes  place,  or  it  is  pofitive. 

If  the  clouds  which  are  gathering  are  lhaped 
like  locks  of  wool,  and  keep  moving  firft  nearer 
to,  and  then  feparating  from  each  other ;  or,  if 
the  general  cloud  which  is  forming  lies  very 
high,  and  is  ftretched  downwards  like  defend- 
ing fmoke,  then  pofitive  electricity  commonly 
takes  place,  which  is  more  or  lefs  ftrong  in 
proportion  to  the  quicknefs  with  which  this 
cloud  forms  ;  and  it  foretells  the  greater  or  lefs 
quantity  and  velocity  of  the  rain  or  fnow  which 
is  to  follow. 

When  a  thin,  even,  and  extenlive  cloud  is 
forming,  which  darkens  the  iky,  and  turns  it 
into  a  grey  colour,  a  ftrong  and  repeated  pofi- 
tive electricity  takes  place  ;  but  in  proportion 
as  the  gathering  of  the  cloud  flackens,  this 
electricity  leffens,  or  even  fails.  On  the  con- 
trary, if  the  rare  extenfive  cloud  is  gradually- 
formed  of  fmaller  clouds,  like  locks  of  wool, 
which  are  continually  joining  to,  and  parting 
from  each  other,  the  pofitive  electricity  com- 
monly continues. 

Low  and  thick  fogs,  (efpecially  when  as 
they  rife  the  air  above  them  is  free  from  moif- 
ture)  carry  up  to  the  exploring  wire  an  elec- 
tricity 
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tricity  which  will  give  fmall  fparks  repeatedly, 
and  produce  a  divergence  of  the  balls  from 
20°  to  250,  or  even  300,  If  the  fog  grows 
fluggifh,  and  continues  round  the  exploring 
wire,  the  electricity  foon  fails  ;  but,  if  it  con- 
tinues to  rife,  and  another  cloud  fucceeds,  it 
electrifies  again  the  wire,  though  lefs  than  be- 
fore. Sky-rockets  fent  through  fuch  thick, 
low,  and  continued  fogs,  often  afford  figns  of 
eleflricitv.  P.  Beccaria,  under  any  one  of  the 
circumftances  above  defcribed,  never  met  with 
sth  in  fiance  of  negative  electricity  ;  except, 
perhaps  once,  when  he  fent  a  fky-rocket,  to 
which  a  firing  was  fixed,  through  a  low  thick 
fog ;  though  he  had  afterwards  every  reafon 
to  think  that  he  had  mittaken  a  falfe  little 
Jlar  for  a  true  one. 

Mr;  Ronayne  obferved,  that  the  air  in  Ire- 
land was  generally  electrified  in  a  fog,  and  even 
in  a  mift,  and  that  both  day  and  night,  but 
principally  in  winter ;  feldom  in  fummer,  ex- 
cept from  pofitive  clouds,  or  cool  fogs.  The 
electricity  of  the  air  in  a  froft  or  fog  is  always 
pofitive.  He  fays,  that  he  has  often  obferved, 
during  what  feemed  the  paffing  of  one  cloud, 
hicceffive  changes  from  negative  to  pofitive, 
and  from  pofitive  to  negative. 

N.  B.  Molt  fogs  have  a  fmcll  very  like  an 
excited  glafs  tube. 

P  2  Mr, 
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Mr.  Hcnly  has  fhcwn,  that  fogs  are  more 
ftrongly  elc&rined  in,  or  immediately  after  a 
froft,  than  at,  other  times  ;  and  that  the  elec- 
tricity in  fogs  is  often  the  ftrongeft  foon  after 
their  appearance. 

Whenever  there  appears  a  thick  fog,  and  at 
the  fame  time  the  air  is  fharp  and  frofty,  that 
fog  is  ftrongly  eledtrified  pofitively. 

Though  rain  is  not  an  immediate  caufe, 
yet  he  is  inclined  to  think  it  was  always  a  re- 
mote confequence,  of  electricity  in  the  atmo- 
fphere ;  and  he  generally  found,  that  in  two 
or  three  days  after  he  had  difcovered  the  air  to 
be  ftrongly  electrified,  we  had  rain,  or  other 
falling  weather. 

If,  in  clear  weather,  a  low  cloud,  which  moves 
flowly  and  is  confiderably  diftant  from  any 
other,  paffes  over  the  wire,  the  pofitive  elec- 
tricity generally  grows  very  weak,  but  does 
not  become  negative ;  and  when  the  cloud  is 
gone,  it  returns  to  its  former  ftate.  When 
many  whitifh  clouds,  like  locks  of  wool,  keep 
over  the  wire,  fometimes  uniting  with,  and 
then  feparating  from,  each  other,  thus  forming 
a  body  of  confidcrable  extent,  the  pofitive 
electricity  commonly  increafes.  In  all  the 
above  circumftances  the  pofitive  electricity 
never  changes  to  a  negative  one. 

The 
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The  clouds  which  lefTen  the  electricity  of  the 
exploring  wire  are  thofe  which  move;  though 
thofe  that  are  low  feem  alio  to  have  the  fame 
effect. 

Of  the  Diurnal  Atmofpberical  Ekclricity. 

In  the  morning,  when  the  hygrometer  indi- 
cates a  degree  of  drynefs  equal  to,  or  little  lets 
than  that  of  the  preceding  day,  an  electricity 
takes  place  before  the  fun  rifes  ;   which  is 
manifefled  by  junctions,  adhefions,  or  even  a, 
divergence  of  the  balls,  and  is  proportional  to 
the  drynefs  of  the  air,  and  the  fmallnefs  of  .  its 
difference  from  that  of  the  preceding  day.  If, 
this  ftate  of  drynefs  does  not  obtain,  no  dif- 
eernable  electricity  will  be  perceivedjjbefore,  or, 
even  for  a  little  while  after,  the  riling  of  the 
fun.    As  the  air  is  generally  damp  in  the  night, 
electricity  is  feldom  obferved  before  the  fun, 
rifes.  During  three  months  obfervations  P.  Bec- 
carla  found  the  electricity  before  the  fun  role 
only  eighteen  mornings  ;  and  from  the  whole 
of  his  numerous  obfervations  it  appears,  that 
the  appearance  of  electricity  in  winter  before 
fun-rife  is  more  frequent  than  in  the  fummer, 
efpecially  if  the  dampnefs  from  hoar-fro.fi  is. 
prevented  from  affecting  the  apparatus, 
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In  the  morning,  as  the  fun  rifes  higher,  the 
electricity,  whether  it  begun  before  fun-rife  or 
only  after,  gradually  increafes.  This  gradual 
increafe  of  the  morning  electricity  begins  fooner 
if  the  hygrometer  continues  after  fun-rife  to 
indicate  a  greater  degree  of  increafing  drynefs. 
The  intenhty  and  the  rife  of  the  electrici'v 
(after  it  has  been  annihilated  by  touching  the 
exploring  wire)  lafts  in  ferene  days,  in  which 
no  impetuous  wind  takes  place,  and  the  hy- 
grometer is  ftationary  at  the  higheft  degree  it 
has  attained  that  day,  till  the  fun  draws  near 
the  place  of  its  fetting.  When  the  fun  is  near 
fetting,  and  in  proportion  as  the  hygrometer 
abforbs  the  moifture,  the  intenfity  of  the  daily 
electricity  leffens. 

Though  the  hygrometer  may  indicate  equal 
degrees  of  drynefs  at  twelve  o'clock,  in  differ- 
ent days,  yet  the  electricity  will  appear  fooner 
after  being  deftroyed  on  fome  days  than  on 
others ;  and  this  is  in  a  great  meafure  propor- 
tioned to  the  increafe  of  heat.  The  electricity 
moreover  commences  on  fuch  days  later  in  the 
morning,  and  falls  fooner  in  the  evening. 

The  friction  of  winds  againft  the  furface  of 
the  earth  is  not  the  caufe  of  atmofpheric  elec- 
tricity. Impetuous  winds  leiTen  the  intenfity  of 
the  electricity  in  clear  weather.  If  they  are 
damp,  they  leffen  its  intenfity  in  proportion  to 

the 
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the  diminution  they  caufe  in  the  exactnefs  of  the 
infulation,  both  of  the  wire  and  atmofphere. 

Of  the  Electricity  produced  by  the  Evening 

Dew, 

In  cold  feafons,  if  the  fky  is  clear,  little  wind, 
and  a  great  degree  of  increaiing  drynefs,  an 
electricity  of  considerable  intenfity  arifes  after 
fun-fet,  as  foo.n  as  the  dew  begins.  The  fre- 
quency of  fuch  electricity  is  moreover  greater 
than  that  of  the  daily  electricity,  and  it  vanimes 
flowly. 

In  temperate  or  warm  feafons,  if  the  fame 
circumftances  as  above  take  place,  an  electri- 
city intirely  fimilar  to  the  former  arifes  as  loon 
as  the  fun  has  fet ;  only  its  intenfity  is  not  fo 
conftant,  it  begins  with  greater  rapidity,  and 
ends  fooner. 

If,  under  the  above  circumftances  reflective- 
ly, the  general  drynefs  of  the  air  happens  to 
be  lefs,  the  electricity  that  arifes.  in  the  even- 
ing, when  the  dew  begins,  is  lefs  in  proportion 
to  the  diminutions  of  the  exactnefs  of  the  infu- 
lation  of  both  the  exploring  wire  and  the  at- 
mofphere 5  but  correfpondently  to  the  greater 
quantity  of  dew,  the  frequency  of  the  electricity 
is  greater 

P  4  The 
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The  electricity  of  dew  feems  to  depend  on  the 
quantity  of  dew,  and  to  follow  in  its  various 
changes  proportions  fimilar  to  thofe  which  take 
place  between  the  electricity  of  calm  mild  rain? 
and  that  of  rainy  and  flormy  weather,  and  varies 
alio  according  to  the  feafons. 

As  rain,  fhowers,  the  Aurora  Borealis,  and 
the  zodiacal  light,  have  a  tendency  to  appear 
for  feveral  fuccemve  days  with  the  fame  cha- 
rafteriftic  accidents,  fo  tjie  electricity  of  dew 
feems  to  have  as  it  were  an  inclination  to  appear 
for  feveral  evenings  fucceflively  with  the  fame 
characters. 

Experiment  CLXXX. 

Let  the  air  in  a  well-clofed  room  be  electri- 
fied ;  that  is  to  fay,  the  moifture  and  other  va- 
pours diffufed  in  it :  then  let  a  bottle,  filled  with 
water  colder  than  the  air  in  the  room,  and  in- 
fulated  on  a  tube  of  glafs,  be  raifed  pretty 
high  in  this  room.  Care  mult  be  taken  to  pre- 
ferve  the  infulation  of  the  glafs  with  warm 
cloths.  The  electric  figns  that  will  arife  in  two 
threads  fufpended  to  fuch  bottle  will  exactly 
reprefent  the  electricity  of  dew  ;  and  they  will 
exhibit  the  different  manner  after  which  this 
electricity  takes  place,  according  as  the  elec- 
trified vapours   in   the  room    are  more  or 
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lefs  rare,  as  the  difference  between  the  heat  of 
the  air  in  the  room,  and  that  of  the  water  in 
the  bottle,  is  lefs  or  greater,  and  the  infulation 
of  the  bottle  is  more  or  lefs  exact. 

In  a  thunder-florin  Mr.  Ronayne  obferved, 
that  the  flafhes  would  canfe  fudden  changes. 
Sometimes  the  electricity  would  be  extended, 
fometimes  diminimed  ;  at  other  times  increafed, 
and  fometimes  even  changed  to  the  contrary 
again,  though  none  was  perceived  before  ; 
it  would  come  on  fuddenly  with  a  flam  of  light- 
ening. A  large  thunder-cloud,  when  it  dark- 
ens the  hemifphere,  does  not  produce  fo  much, 
electricity  as  a  branch  of  it,  or  even  as  a  com- 
mon mower  ;  that  a  florm  does  not  go  in  a 
regular  current  of  the  wind,  but  obliquely  and 
zig-zag ;  viz.  it  rains  in  that  region  from 
whence  the  ftorm  is  to  proceed. 

Experiments  and  Obfei'vations  on  Atmofpheri- 
cal  EleBricity,  by  Mr.  Cavallo. 

Thefe  were  principally  made  with  an  electri- 
cal kite,  which  will  collect  ele&ricity  from  the 
air  at  any  time.  The  power  of  this  iriftrument 
refides  in  the  firing.  The  bed  method  of  ma- 
king the  firing  is  by  twilling  two  threads  of  com- 
mon twine  with  one  of  that  copper  thread  which 
is  ufed  for  trimming  :  a  fchool-boy's  kite  with 

this 
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this  firing  anfwers  the  purpofe  as  well  as  any 
other.  When  a  kite,  conftructed  in  this  man- 
ner, was  raifed,  Mr.  Cavallo  fays  he  always 
obferved  the  firing  to  give  figns  of  electricity, 
except  once  ;  the  weather  was  warm,  and  the 
wind  fo  weak,  that  the  kite  was.  raifed  with 
difficulty,  and  could  hardly  be  kept  up  for  a 
few  minutes  \  afterwards,  when  the  wind  in-^ 
creafed,  he  obtained  as  ufual  a  flrong  pofitive 
electricity. 

If  the  kite  was  raifed  at  a  time  when  there 
was  any  probability  of  danger  from  the  great 
quantity  of  electricity,  Mr.  Cavallo  connected 
cne  end  of  a  chain  with  the  firings  and  let  the 
other  end  fall  on  the  ground^  and  placed  him-, 
felf  alfo  on  an  infulating  ftooL  Except  the  kite 
is  raifed  in  a  thunder-ftorm,  there  is  no  great 
danger  that  the  operator  will  receive  a  mock. 
Although  he  raifed  his  kite  hundreds  of  times 
without  any  precaution  whatever,  he  feldom 
received  even  a  few  flight  fhocks  in  the  arms. 
But  it  is  not  advifeable  to  raife  it  while  ftormy 
clouds  are  overhead.  This  is  alfo  lefs  neceffary, 
as  the  electricity  of  the  atmofphere  may  then 
be  eafily  obferved  by  other  means.  When  the 
Jcite  was  raifed,  he  often  introduced  the  firing 
through  a  window  into  a  room  of  the  houfe, 
and  fafiened  it  by  a  ftrong  filk  lace  to  a  heavy 
chair  in  the  room.    Fig.  78,  A  B  reprefcnts  part 
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of  the  firing  of  the  kite  which  comes  within 
the  room,  C  the  filk  lace,  DE  a  fmall  prime 
conductor,  which,  by  means  of  a  fmall  wire 
is  connected  with  the  firing  of  the  kite ;  F  a 
quadrant  electrometer,  fixed  upon  an  infulating 
ftand,  and  placed  near  the  prime  conductor  ; 
G  a  glafs  tube  about  18  inches  long,  gn  a  ball 
and  wire  of  brafs,  which  are  fixed  to  the  glafs 
tube.  This  fmall  inftrument  is  ufeful  to  de- 
termine the  quality  of  the  electricity  when  it 
is  not  fafe  to  come  near  the  firing.  This  is 
effected  by  touching  the  firing  with  the  wire, 
which  takes  a  fufficient  quantity  from  it  to  af- 
certain  thereby  the  quality  of  the  electricity, 
either  by  the  attraction  and  repulfion  of  light 
balls,  or  the  appearances  of  the  electric  light ;  or 
it  may  be  afcertained  by  a  Leydcn  phial,  which 
will  retain  a  charge  for  a  confidcrable  time  ; 
and  then  the  kite  need  not  be  kept  up  any 
longer  than  is  necefTary  to  charge  the  phial, 
by  which  the  quality  will  be  ftiewn  even  at 
fome  days  difiance. 

If  a  charged  phial  is  carefully  kept  from 
any  of  thofe  means  by  which  it  is  known  to  be 
xlifcharged,  it  will  retain  its  charge  for  a  long 
time.  On  this  principle  the  above-mentioned 
phial  is  conftructed  :  the  bottle  is  coated  in  the 
ufual  manner,  the  uncoated  part  of  the  glafs 
is  covered  with  wax,  or  elfe  well  varnifhcd. 

A 


22Q 


AN  ESSAY 


A  glafs  tube,  which  is  open  at  both  ends,  Is 
cemented  into  the  neck  of  this  phial,  having  a 
piece  of  tin-foil  connected  with  its  ioweft  ex- 
tiemity,  which  touches  the  i-nfidc  non  electric 
coating.  A  glafs  handle  is  fpced  to  the  ball  on 
the  wire  which  palfes  into  the  foregoing  glafs 
tube ;  the  wire  is  of  a  proper  length  tq  touch 
the  tin-foil  which  is  at  the  bottom  of  the  tube. 
Charge  this  bottle  in  the  ufual  manner,  and 
then  take  out  the  wire  from  the  glafs  tube  by 
means  of  the  glafs  handle.  This  may  be  done 
without  difcharging  the  phial ;  and,  as  the  fire 
cannot  now  efcape  eafily,  the  charge  of  a  phial 
,uay  be  preferved  for  many  weeks. 

Fig,f  80  repreferits  a  very  fimple  inftrument 
(contrived  by  Mr.  Cavallo)  for  making  experi- 
ments on  the  electricity  of  the  atmofphere,  and 
winch,  on  feveral  accounts,  appears  to  be  the 
t>eft  for  the  purpofe.  A  B  is  a  common  jointed 
fiihing  rod,  without  the  laft  or  fmalleft  joint : 
from  the  extremity  of  this  rod  proceeds  a  fmall 
glafs  tube  C,  covered  with  fealing-wax,  a  cork 
D  is  fixed  at  the  end  of  it,  from  which  an  elec- 
trometer with  a  pith  ball  is  fufpended.  HGI 
is  a  piece  of  twine,  fattened  to  the  other  ex- 
tremity of  the  rod,  and  fupported  at  G  by  a 
fmall  firing  F  G.  At  the  end  of  the  twine  T 
a  pin  is  fattened,  which,  when  pulhed  into  the 
cork  D,  renders  the  electrometer  E  uninfulatcd. 

When 
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When  the  electricity  of  the  atmofperc  is  ob- 
terved  with  this  inftrument,  thruft  the  pin  T*1 
into  the  cork  D,  and  hold  the  rod  by  the  lower 
end  A  ;  place  it  out  of  a  window  at  the  upper 
part  of  the  houfc,  railing  the  end  of  the  rod 
with  the  electrometer,  fo  as  to  make  an  angle 
of  50  or  60  degrees  with  the  horizon.  Keep 
the  inftrument  in  this  fituation  for  a  few"  ie- 
conds,  then  pull  the  twine  at  H,  and  the  pin 
will  be  difengaged  from  the  cork  D ;  which 
operation  caufes  the  firing  to  drop  in  the  dot* 
ted  fituation  K  L,  and  leaves  the  electrometer 
infulated,  and  electrified  with  an  electricity 
contrary  to  that  of  the  atmofphere.  This  being 
done,  you  may  draw  the  electrometer  into  the 
room,  and  examine  the  quality  of  the  electri- 
city, without  obftruction  either  from  wind  or 
darknefs. 

Fig.  8 1  is  an  electrometer  for  rain,  con- 
trived by  Mr.  Cavallo,  ABCT  is  a  ftrongr 
glafs  tube,  about  two  feet  and  a  half  long, 
having  a  tin  funnel  D  E  cemented  to  its  ex- 
tremity, which  funnel  defends  part  of  the 
tube  from  the  rain.  The  outride  furface  of  the 
tube  from  A  to  B  is  covered  with  fealmsr-wax* 
and  fo  is  the  part  of  it  which  is  covered  by 
the  funnel.  F  D  is  a  piece  of  cane,  round 
which  brafs  wires  are  twifted  in  different  di- 
rections, fo  as  to  catch  the  rain  eafily,  and  at 

the 
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the  fame  time  to  make  no  remittance  to  the  wind; 
This  piece  of  cane  is  fixed  into  the  tube,  and 
a  fmall  wire  proceeding  from  it  goes  through 
the  tube,  and  communicates  with  the  ttrong 
wire  AG,  which  is  thruft  into  a  piece  of  cork> 
fattened  to  the  end  A  of  the  tube;  The  end  G 
of  the  wire  AG  is  formed  into  a  ringj  from 
which  a  fenfible  pith  ball  electrometer  is  to  be 
fufpendedi  This  inttrument  is  fattened  to  the 
fide  of  a  window  frame,  where  it  is  fupported 
by  ftrong  brafs  hooks  at  CB  ;  which  part  of 
the  tube  is  covered  with  a  filk  lace,  in  order  to 
idapt  .it  better  to  the  hooks.  The  part  F  L  is 
out  of  the  window,  with  the  end  F  elevated  a 
little  above  the  horizon.  The  remaining  part 
of  the  inttrument  comes  through  a  hole  in  one 
of  the  lights  in  the  fafh,  within  the  room,  and 
no  more  of  it  touches  the  fide  of  the  window 
than  the  part  C  B;  When  it  rains,  efpecially 
in  patting  ttiowers,  this  inttrument  is  frequently 
electrified  ;  and  by  the  divergence  of  the  electro- 
meter, the  quantity  and  quality  of  the  rain  may- 
be obferved,  without  any  danger  of  a  miftake. 
With  this  inttrument,  in  rainy  weather,  Mr. 
Cavallo  has  been  able  to  charge  a  fmall  coated 
phial  at  the  wire  AG.  It  fliould  be  fixed 
in  fuch  a  manner  that  it  may  be  eafily 
taken  off  from  the  window,  and  replaced  again, 
as  occafion  requires;  as  it  will  be  neceflary 

to 
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to  clean  it  often,  particularly  when  a  fhowcr. of 
rain  is  approaching. 

Defcfiption  of  a  fmall  prtable  Atmofpheri* 
cal  EkSlrometer,  by  Mr.  Cavallo. 

The  principal  part  of  this  infr.rum.ent  is  a 
glafs  tube  CDMN,  cemented  at  the  bottom 
into  the  brafs  piece  A  B,  by  which  part  the 
inflrument  is  to  be  held  when  ufed  for  the  at- 
mofphere ;  and  it  alfo  ferves  to  fcrew  the  in- 
flrument into  its  brafs  cafe  ABO,  fig.  76^ 
The  upper  part  of  the  tube  CDMN  is  fhaped 
tapering  to  a  fmall  extremity,  which  is  intirely 
covered  with  fealing-wax ;  into  this  tapering 
part  a  fmall  tube  is  cemented ;  the  lower  ex- 
tremity  G  being  alfo  covered  with  fealing- 
wax,  projects  a  fmall  way  within  the  tube 
CDMN;  into  this  fmaller  tube  a  wire  is  ce- 
mented, which,  with  its  under  extremity + 
touches  the  flat  piece  of  ivory  H,  fattened  to 
the  tube  by  means  of  a  cork ;  the,  upper  ex- 
tremity of  the  wire  projects  about  a  quarter  of* 
an  inch  above  the  tube,  and  fcrews  into  the 
brafs  cap  E  F,  which  cap  is  open  at  the  bot- 
tom, and  ferves  to  defend  the  waxed  part  of 
the  inflrument  from  the  rain,  &c. 
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TM  and  K  N  are  two  narrow  flips  of  tin* 
toti,  ftuck  to  the  infideof  the  glafs  CD  MM, 
and  communicating  with  the  brafs  bottom  A  B. 
They  ferve  to  convey  that  electricity  which, 
when  the  corks  touch  the  glafsy  is  communi- 
cated to  it,  and,  being  accumulated,  might 
difturb  the  free  motion  of  the  corks. 

To  ufe  this  inflrument  for  artificial  electri- 
city, electrify  the  brafs  cap  by  an  electrified 
fiibltartce,  and  the  divergence,  or  convergence 
of  the  balls'  of  the  electrometer,  at  the  ap- 
proach of  an  excited  electric,  will  fliew  the 
quality  of  the  electricity.  The  belt  manner  to 
electrify  this  inflrument  is,  to  bring  excited 
Wax  fo  near  the  cap  that  one  or  both  of  the 
corks  may  touch  the  fide  of  the  bottle  CDMN, 
after  which  they  will  foon  collapfe  and  appear 
unelectrified.  If  now  the  wax  is  removed,- 
they  will  again  diverge,  and  remain  electrified 
pofitively. 

When  this  electrometer  is  to  be  ufed  to  try 
the  electricity  of  the  fogs,  air,  clouds,  &c. 
the  obferver  is  to  do  nothing  more  than  to  un- 
fcrew  it  from  its  cafe,  and  hold  it  by  the  bot- 
tom A  B  to  prefent  it  to  the  air  a  little  above 
his  head,  fo  that  he  may  conveniently  fee  the 
corks  P,  which  will  immediately  diverge  if 
there  is  any  electricity ;  i.  c.  whether  pofitive 
or  negative  may  be  afcertained,  by  bringing  an 

excited 
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excited  piece  of  fealing-wax  or  other  electric 
towards  the  brais  cap  E  Fi 

General  Laws  deduced  from  the  Experiments, 
performed  with  the  Electrical  Kites* 

ii  The  air  appears  to"  be  electrified  at  all 
times;  Its  electricity  is  conftantly  p'ofitive, 
and  much  ftrenger  in  frofty  than  in  warm  wea- 
ther ;  but  it  is  by  no  means  lefs  in  the  night 
than  in  the  day  time. 

2.  The  prefence  of  the  clouds  generally 
leffens  the  electricity  of  the  kite  :  fometimes 
it  has  no  effect  upon  it,  and  it  very  feldom  in- 
creafes  it; 

3.  When  it  rains  the  electricity  of  the  kite 
is  generally  negative,  and  feldom  pofitivea 

4.  The  Aurora  Borealis  feems  not  to  affect 
the  electricity  of  the  kite.  ■ 

5;  The  electrical  fpark$  taken  from  the 
firing  of  the  kite,  or  from  any  infulated  con- 
ductor connected  with  it,  efpecially  when  it 
does  not  rain,  is  feldom  longer  than  a  quarter 
of  an  inch,  but  it  is  exceedingly  pungent. 
When  the  index  of  the  electrometer  is  not 
higher  than  200,  the  perfon  who  takes  the 
fpark  will  feel  the  effect  of  it  in  his  legs ;  it 

appears 
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appears  more  like  the  difcharge  of  an  elec- 
tric jar,  than  the  fpark  taken  from  the  prime 
conductor  of  an  electrical  machine. 

.  6.  The  electricity  of  the  kite  is  in  general 
Wronger  or  weaker,  according  as  the  firing  is 
longer  or  fhorter,  but  it  docs  not  keep  any  exact 
proportion  to  it.  For  inflance ;  the  electricity 
brought  down  by  a  firing  of  a  hundred  yards 
may  raife  the  index  of  the  electrometer  to  200, 
when  with  double  that  length  of  firing  the  in- 
dex of  the  electrometer  will  not  go  higher 
than  250. 

7.  When  the  weather  is  damp,  and  the 
electricity  is  pretty  ftrong,  the  index  of  the 
electrometer,  after  taking  a  fpark  from  the 
ftring,  or  prefenting  the  knob  of  a  coated 
phial  to  it,  rifes  furprizingly  quick  to  its  ufual 
place,  but  in  dry  and  warm  weather  it  rifes 
exceedingly  flow. 

It  appears,  from  the  obfervations  which  have 
been  made  on  the  electricity  of  the  atmofphere, 
that  Nature  makes  great  ufe  of  this  fluid  in 
promoting  vegetation. 

i.  In  the  fpring,  when  plants  begin  to  grow, 
then  temporary  electrical  clouds  begin  to  ap- 
pear, and  pour  forth  electric  rain.  The  elec- 
tricity of  the  clouds  and  of  the  rain  continues 
to  mcreafe  till  that  part  of .  the  autumn  in 
which  the  laft  fruits  are  gathered. 

2.  It 
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2.  It  is  this  fluid  which  fupplies  common 
fire  with  that  moifture  by  the  help  of  which 
it  actuates  and  animates  vegetation ;  it  is 
the  agent  that  collects  the  vapours,  forms  the 
Clouds i  and  is  then  employed  to  diforder  and 
iliflipate  them  in  rain; 

2;  From  the  fame  principle  may  "be  ex- 
plained the  proverb,  that  No  watering  gives 
the  country  fo  Jmiling  a  look  as  rain.  The 
clouds  of  rain,  by  extending  their  electric  at- 
mofphere  to  the  plants^  difpofe  the  pores  of  the 
latter  to  receive  with  greater  facility  the  water 
which  is  impregnated  with  this  penetrating  and 
dilating  fluid;  Belidesj  it  is  natural  to  fapw 
|iofe,  that  the  pofitive  electricity  which  con- 
tinually prevails  in  ferene  weather,  will  contri- 
bute to  promote  vegetation,  fince  this  has 
been  found  to  be  the  effect  of  even  artificial 
electricity; 
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Of  the  Imperfection  of  Meteorology,  fo  long 
as  Barometrical^  'Tbermometrical,  and  Hy- 
grometrical  Obfervatibns  are  not  accompa- 
nied with  the  regular  Obfervation  of  the 
Electricity  of  the  Atmofphere,  of  the  Elec- 
tricity of  Rain j  Snow,  Mijls,  and  aqueous 
Meteors  in  general.    By  Mr,  Achard. 

• 

As  it  is  now  clearly  afcertained,  that  elec- 
tricity is  a  caufe  of  various  meteorological 
phoenomena,  it  is  rather  furprizing.  that  philo- 
fophers  have  not  perceived  the  abfolute  neceffity 
of  joining  an  inftrument  by  which  obfervations 
may  be  made  on  the  electricity  of  the  atmo- 
fphere,  to  thofc  which  indicate  its  weight, 
heat,  and  humidity* 

Without  confidering  in  this  place  the  differ- 
ent proofs  of  the  influence  of  electricity  on 
meteors,  it  will  be  fufficient  to  remark,  that 
we  cannot  attain  to  an  adequate  knowledge  of 
any  phoenomena,  occalioned  by  the  concur- 
rence of  various  caufes,  without  being  ac- 
quainted With  them  all ;  for  if  any  one  is 
neglected,  it  will  be  abfolutely  impoffible  tho- 
roughly to  explain  the  phoenomena.  If  elec- 
tricity is  not  the  fole  caufe  of  feveral  meteor- 
ological appearances,  it  is  undoubtedly  con- 

cerned 
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cerncd  more  or  lefs  in  their  formation  ;  fo  that 
by  neglecting  to  obferve  it,  as  well  as  the  ba- 
rometer, &c.  we  lofe  the  fruits  of  other,  even 
very  exact,  meteorological  obfervations. 

The  influence  of  electricity  on  vegetation  is 
proved  by  a  fet  of  obfervations  made  by  differ- 
ent philofophers ;  but  it  evidently  appears, 
that  the  botanic  meteorological  obfervations 
ajone  will  never  be  fo  ufeful  as  might  be  ex- 
pected, till  we  unite  thofe  made  by  an  inftru- 
ment  which  will  indicate  the  electric  ftate  of 
the  atmofphere,  to  thofe  made  with  other  in- 
ftruments.  It  is  owing  to  this  caufe,  perhaps, 
that  it  is  impoffible  to  draw  any  conclufion 
from  the  botanical  meteorological  obfervations 
of  Meflrs.  Gautier  and  Duhamel,  which  were 
continued  from  1751^0  1769. 

Mr.  Achard  has  had  an  opportunity  of  making 
only  a  few  obfervations,  but  they  were  furfici- 
ent  to  convince  him  of  the  intimate  connection 
that  fubfifts  between  the  formation  of  the  moft 
part  of  meteors,  and  atmofpherical  electri- 
city. 

To  difcover  if  the  atmofphere  was  electrical, 
he  made  ufe  of  s.  pair  of  light  pith  balls  which 
were  attached  to  a  refinous  rod.  This  electro- 
meter, from  its  fimplicity,  is  almoft  preferable 
to  any  other  for  merely  difcovering  that  elec- 
tricity exifts  in  the  atmofphere. 

Q^3  During 
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During  the  month  of  July,  1778,  Mr, 
Achard  obferved  daily  the  electricity  of  the 
atmofphere  in  the  morning,  at  noon,  and  in 
'the  evening,  with  a  pair  of  fmall  pith  balls, 
which  were  placed  above  the  roof  of  the  houfc, 
above  40  feet  high,  and  fufficiently  diftant 
from  buildings,  trees,  &c.  During  the  whole 
time  there  was  only  1  o  days  which  gave  no  figns 
of  electricity  ;  1 7  days,  including  the  foregoing 
ip,  in  which  he  could  obferve  no  electricity  in 
the  morning,  though  it  became  very  fenfible  at 
noon,  and  was  very  much  increafed  towards 
the  fetting  of  the  fun.  Every  other  day  he 
found  the  air  electrical  during  the  whole  day, 
but  always  ftrongeft  a  little  before  fun-fet,  a 
ihort  time  after  which  it  began  again  to  dimi- 
jiifh. 

If  in  ferene  weather  the  iky  became  fuddenly 
cloudy,  the  electrometer  indicated  continual 
changes  in  the  electricity  of  the  atmofphere  ; 
fometimes  increafing,  then  difappearing,  then 
re-appearing ;  in  which  cafe,  it  had  generally 
changed  from  politive  to  negative,  or  vice 
verfa.  In  windy  weather  he  found  it  difficult 
to  obferve  with  the  electrometer,  on  account  of 
the  continual  motion  of  the  balls.  It  feemed 
to  vary  considerably  when  the  air  was  heavy, 
but  not  windy.  When  the  weather  was  very 
palm,  and  the  fky  without  clouds,  the  electro- 
meter 
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meter  did  not  alter  in  the  leaft,  except  towards 
fun-fet,  when  it  increafed  in  a  fmall  degree. 

It  is  remarkable,  that  in  thofe  days  in  which 
he  obferved  no  electricity  in  the  air,  there  was 
no  dew  at  night;  while  on  the  other  nights,  it 
fell  in  greater  or  lefs  quantities.  He  does  not 
think  thofe  obfervations  are  fufficient  <to  deter- 
mine that  the  dew  is  occafioned  by  electricity, 
but  it  may,  he  thinks,  be  fairly  inferred,  that 
the  elevation  and  fall  of  the  dew  is  obftructed 
or  promoted  by  the  ele&ricity  of  the  air.  It 
is  eafy  to  point  out  in  what  manner  electricity 
may  produce  the  effect.  Let  us  fuppofe  the 
air  to  be  either  pofitively  or  negatively  electri- 
fied, but  the  furface  of  the  globe  where  we  are 
not  to,  be  fo ;  the  aqueous  and  volatile  parts 
of  the  vegetables,  exhaled  by  the  rays  of  the 
fun,  and  fufpended  in  the  air,  will  become 
electric  by  communication*  The  air  cooling 
by  the  ab-fence  of  the  folar  heat,  will  not,  af- 
ter the  fetting  of  the  fun,  retain  the  aqueous 
particles  with  the  fame  force  ^  and  thefe  being 
attracted  by  t&e  non-electric  bodies  which  are 
on  the  furface  of  the  earth,  their  fuperficies 
will  be  covered  with  dew..  Again,  let  us  fup- 
pofe that  the  furface  of  the  earth  is  electrical, 
but  that  the  air  is  not  electrical,  and  the  effect 
will  be  fimilar  to.  the  preceding  cafe.  If  the 
air  and  the  earth  are  both  electrified,  but  with- 

Q4.  contrary 
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contrary  powers,  the  attraction  will  be  ftronger 
and  the  dew  more  abundant,  but  no  dew  will 
fall  if  they  are  both  poffeffed  of  the  fame  pow- 
er, and  in  the  fame  degree.  It  is  known  that 
the  dew  does  not  fall  with  the  fame  facility 
upon  all  bodies,  and  that  electric  bodies  are 
thofe  on  which  it  falls  with  the  greateft  abun- 
dance. This  fact  admits  of  an  eafy  explana-r 
tion,  if  we  fuppofe  electricity  to  be  tjie  cay|fe. 
of  the  dew  ;  fqr  the  electric  bodies  do  not  rea- 
dily receive  electricity  from  the  medium  which 
furrounds  them  ;  there  is,  therefore,  always  a 
greater  difference  between  the  electricity  of  the 
air  and  that  of  the  electrics  which  are  placed  in 
it,  than  between  the  electricity  of  the  air  and 
the  conducting  bodies  which  it  envelopes. 
Now  it  is  in  the  ratio  of  this  difference  that 
the  power  of  electric  attraction  acts,  and  con- 
fequently  thefe  bodies  ought  to  be  covered 
more  abundantly  with  dew. 

As  electricity  is  often,  if  not  always,  the 
caufe  of  dew,  no  one  will  doubt  the  neceffity 
of  attending  to  it  in  the  botanical  meteorology, 
as  every  one  is  acquainted  with  the  influence  of 
dew  on  the  growth  of  vegetables. 

In  the  Phil.  Tranf.  for  1773,  are  obferva- 
tions  on  the  elejctricity  of  fogs,  which  prove 
tjbat  they  are  generally  electrical,  Mr.  Achard 
fi£S  made  feveral  obfervatipns;  the  refults  of 

which 
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which  correfpond  entirely  with  thofe,  for  he  con- 
stantly found  that  the  a;r  was  more  or  \pfs  elec- 
trified by  a  fog.  Twice  he  obferved,  that  in 
the  fpace  of  a  few  minutes  the  fog  ceafed  alto- 
gether, and  fell  in  form  of  a  fine  rain ;  and 
though  it  was  very  thick,  difappeared  in  about 
feven  minutes.  It  is  alfo  very  probable  that 
rain  is  occafioned  by  electricity  ;  and  of  this 
we  fhall  be  convinced,  if  we  confider  the  attrac- 
tions and  repulfions  that  the  terreftrial  or  atmo- 
fpheric  electricity  muft  occalion,  as  well  be- 
tween the  furface  of  the  globe  and  the  vapours 
contained  in  the  air,  as  between  the  particles 
of  vapour  which  always  necelTarily  tend  to  dif- 
perfe  or  unite  the  aqueous  particles  which 
fwim  in  the  avmofphere,  and  to  bring  them 
nearer,  or  carry  them  farther  from,  the  earth. 

Having  proved  the  neceffity  of  combining 
obfervations  on  the  electricity  of  the  atmofphere 
with  other  meteorological  obfervations,  Mr. 
Achard  proceeds  to  defcribe  the  properties  re- 
quilite  in  a  good  atmofpherical  electrometer, 
the  want  of  which  accounts  for  the  neglect  and 
ftipiFierxefs  of  philolbphers  on  this  fubject. 
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^NeceJJary  Requifites    in    an  Atmofpherical 

Electrometer. 

1 .  It  mould  be  eafy  in  its  ufc. 

2.  It  mould  not  only  indicate  that  the  air  is 
electrical,  but  in  what  degree. 

3.  It  is  neceffary  that  we  may  learn  whether 
it  is  pofitive  or  negative. 

4.  That  the  o.bferver  mould  be  in  no  danger 
in  ftormy  weather. 

5^  That  it  be  portable. 

The  number  of  difficulties  which  oppofe  the 
eonftruction  of  an  inftrument  which  will  unite 
all  thefe  advantages  are  very  considerable^ 
The  greateft  is  to  infulate  the  metal  which  re- 
ceives the  electricity  from  the  air,  fo  that  rain 
may  not  eftabliih  a  communication  between  it 
and" the  earth,  and  that  the  infulatlon.  is  fuffi- 
ciently  perfect  to  prevent  too  quick  a  diffipatiou 
of  the  electricity  received  by  the  metal.  Mr. 
Achard  does  not  pretend  that  he  has  furmount- 
ed  all  thefe  difficulties,  but  after  feveral  trials 
he  has  contrived  an  inftrument  fufficiently 
portable,  eafy  to  obferve  with,  and  that  with- 
out danger. 
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Defcriplion 


ON    ELECTRICITY.  23$ 


Defcription  of  the  portable  Atmofpherical 
Electrometer,  contrived  for  the  Purpofes 
already  mentioned. 

This  inftrument  is  compofed  of  a  hollow  and 
truncated  cone  of  tin,  vvhofe  upper  end  is  open, 
and  which  is  clofed  at  bottom  by  a  plate  of  the 
fame  metal.    This  plate  is  covered,  in  the  in- 
lide  of  the  cone,  with  a  layer  of  rofin  two 
inches  thick  :  to  the  lower  furface  of  this  layer 
pf  rofin  a  tube  of  tin  is   cemented,  which, 
when  it  is  placed  on  a  wooden  pedeftal,  fup- 
ports  the  cone  in  fuch  a  manner,  that  the  great 
bafe  is  horizontal,  and  turned  downwards ;  the 
rofin  infulates  the  cone  perfectly,  and,  when 
the  latter  becomes  electric,  prevents  the  lofs  of 
its  electricity  by  tranfmiflion.    The  cone  mull 
be  high  enough,  and  its  inferior  bafe  mud  ex- 
ceed far  enough,  in  diameter,  its  fuperior  ex- 
tremity, to  prevent  the  rain,  even  though  it 
mould  fall  in  an  oblique  direction,  from  wetting, 
either  in  its,  fall,  or  by  rebounding  from  the 
pedeftal,  the  lower  furface  of  the  rofin-layer, 
with  which  the  bottom  of  the  truncated  cone  is 
internally  covered  :  otherwife  the  cone  would 
ceafe  to  be  infulated,   and  the  electrometer 
would  be  changed  into  a  conductor.    On  the 
truncated  part  of  the  cone  Mr.  Achard  fallens 
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a  fquarp  iron  branchy  on  which  he  places  * 
thermometer  and  two  electrometers  ;  the  one 
very  light,  and  thus  capable  of  being  fet  in  mo- 
tion  by  fmall  degrees  of  electricity ;  the  other 
heavier,  and  which,  confequently,  only  rifes 
when  the  electricity  becomes  too  flrong  to  be 
meafured  by  the  light  electrometer.  Befides 
thefe  two  electrometers,  Mr.  Achard  tied  to  the 
iron  bar  a  thread,  which  indicates,  by  its  rifing, 
the  fmalleft  degrees  of  electricity  :  the  whole 
is  inclofed  in  a  receiver  of  glafs,  open  above 
and  below  ;  the  bafe  of  this  receiver  is  alfo 
infulated  with  rofm,  that  it  may  not  derive  any 
electricity  from  the  tin  cone ;  the  remaining 
fpace  of  the  upper  part  of  the  receiver,  between 
the  bar  of  metal,  which  paries  through  it,  and 
the  glafs,  is  likewife  filled  with  rofin,  to  pre- 
vent the  communication  of  electricity  to  the  re- 
ceiver ;  to  preferve  this  rofin  from  rain,  which,, 
by  moiflening  it,  would  form  a  communication 
between  the  receiver  and  the  bar,  it  is  covered 
over  with  a  glafs  funnel,  through  which  the 
bar  paries,  and  which  hinders  the  rain  from 
falling  on  the  rofin.  This  receiver  is  alfo  in- 
difpenfably  neceflary  to  prevent  the  action  of  the 
wind  upon  the  electrometers,  which  would 
render  the  accurate  obfervation  of  them  impoffi- 
ble.  At  the  end  of  the  metal  bar,  which  paflcs 
through  the  receiver,  hollow  tin  pipes  may  be 

placed, 
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placed*  of  a  finall  diameter,  to  render  them 
as  light  as  poffible,  and  they  may  be  raifed  to 
the  height  of  10,  20,  or  30  feet.  The  upper 
end  of  the  pipe  terminates  in  an  iron  point,  ex- 
tremely fharp  and  well  gilt  5  the  gilding  is  ne- 
ceflary  to  hinder  the  point,  which  muft  be  al- 
ways even  and  fmooth,  from  contracting  ruft\ 
With  refpect  to  the  elevation  that  it  may  be  pro- 
per to  give  to  the  tin-pipe,  this  muft  vary  with, 
the  height  of  the  buildings  or  trees  in  the  dif-  . 
ferent  places  where  obfervations  are  made  ;  for 
the  height  of  the  pipe  muft  always  exceed,  at 
leaft  by  fix  feet,  the  elevation  of  all  the  bodies 
that  are  near  it*  Mr.  Achard  joins  a  thermome- 
ter to  this  machine,  which  may  be  obferved  at 
the  fame  time,  and  be  the  means,  perhaps,  of 
difcovering  the  relation,  if  any  there  be,  be- 
tween electricity  and  the  temperature  of  the 
air.  A  barometer  and  hygrometer  may,  with 
facility,  be  added  to  this  inftrument  for  the 
fame  purpofe. 

In  order  to  know  whether  the  electricity  of 
the  air  be  pofitive  or  negative,  Mr.  Achard 
fufpends  a  ball  of  cork,  by  a  linen  thread,  on 
the  wire  which  communicates, with  the  iron 
b^r,  and  which  pafles  through  the  rofin,  with- 
which  the  bafe  of  the  truncated  cone  is  cover- 
ed. The  wire  muft  be  of  fuch  a  length,  that 
bodies,  pofitiyely  or  negatively  electrical,  may 

be 
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be  commodioufly  brought  near  the  cork  bali, 
which  is  fufpended  on  it;  and  it  is  according  as 
thefe  bodies  attract  or  repel  the  ball,  that  the 
obferver  learns,  whether  the  electricity  which 
the  inftrument  has  received  from  the  air,  be 
pofiiive  or  negative; 

That  the  obferver  -may  be  in  no  danger  from 
fuddert  accumulations  of  electricity,  which 
fometimes  happen,  Mn  Aehard  faftens"  to  the 
bafe  of  the  pedeftal  an  iron  bar,  which  not  only 
communicates  with,  but  even  enters  into,  the 
ground,  feveral  feet  deep.  This  bar,  whofe 
upper  part  terminates  in  a  round  knob  or  ball; 
muft  be  only  at  the  diftance  of  an  inch  from 
the  cone.  When  the  electrical  fluid  is  fo  ac- 
cumulated that  the  infirument  can  no  longer 
contain  it>  it  will  dlfcharge  itfelf  againft  this 
metal  bar,  which  will  conduct  it  under  ground. 
The  fame  thing  would;  if  the  lightening  fell 
upon  the  inftrument,  and  the  obferver  would 
be  in  no  fort  of  danger,  even  at  the  diflance 
of  a  few  feet*  When  the  inftrument  is  placed 
in  a  garden,  this  method  of  forming  a  commu-' 
fiication  with  the  ground  is  fubject  to  no  incon- 
veniency  ;  but  if  it  fhould  be  judged  proper  ta 
employ  the  inftrument  in  a  houfe,  (which  may 
be  done  by  making  the  tin  pipe  pafs  through  a 
hole  in  the  roof,  and  placing  the  inftrument  in 
a  garret)  the  manner  above-mentioned  of  form- 
ing 
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ing  Its  communication  with  the  earth  would 
not  be  fo  eaflly  executed  :  in  this  cafe,  the 
communication  mult  be  effected  by  means  of 
a  bar  of  metal  defcending  from  the  garret  to  a 
depth  of  fome  feet  under  ground;  and  for 
greater  fecurity  againft  the  too  great  proximity 
of  a  thunder-ftorm,  it  would  be  proper  to  place 
the  metallic  bar  in  contact  with  the  cone  of  tin  1 
thus  the  inftrument  would  become  a  real  con- 
ductor, which,  inftead  of  expofing  the  houfe 
to  danger,  would,  on  the  contrary,  preferve  it 
from  all  the  accidents  that  are  occasioned  by 
lio-htenino-. 

o  o 

When  the  inftrument  is  placed  in  a  garret, 
or  on  the  platform  of  a  houfe,  no  inconveni- 
ence is  to  be  apprehended  from  afcending  dews ; 
but  when  it  is  placed  in  a  garden,  the  dew  ad- 
heres to  the  rofin  which  covers  the  truncated 
bafe  of  the  cone,  and  forming  thus  a  commu- 
nication between  the  cone  and  the  earth,  makes 
the  inftrument  lole  the  electricity  with  which  it 
may  have  been  charged*  To  prevent  this  ac- 
cident, it  is  neccftary  to  pave  the  ground  on 
which  the  inftrument  is  placed,  and  that  in  fuch 
a  manner,  that  the  pavement  may  extend  itfelf 
on  all  fides,  at  leaft  two  or  three  feet  beyond 
the  circumference  of  the  lower  bafe  of  the  cone  : 
the  riling  of  the  dew,  which  by  adhering  to 

the 
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the  rofin  might  damage  the  inftrument,  wit! 
be  thus  effectually  prevented. 

When  the  air  is  electrical,  it  muft  neceffa- 
rily  communicate  its  electricity  to  the  vapours 
which  it  contains.  This  is  evident  from  the 
formation  of  lightening,  which  is  not  produced 
by  the  diicharge  of  the  electrical  matter  of  the 
air,  but  by  that  of  the  vapours  which  float  in 
that  atmofphere.  Hence  it  follows,  that  rain^ 
fiiow>  hail,  mift,  and  dew,  muft  be  very  often 
electric;  As  it  appears  to  Mr.  Achard  a  matter 
of  great  confequence  to  know  and  obferve  ex- 
actly the  electricity  of  thefe  meteors,  he  has 
conftrueted  a  machine  that  is  adapted  to  dis- 
cover both  its  nature  and  degree.  This  ma- 
chine is  compofed  of  a  truncated  tin  cone, 
clofed  at  the  top,  opto  at  bottom,  and  initia- 
ted upon  a  pedeftal,  like  that  of  the  machine 
employed  to  meafure  the  electricity  of  the 
air.  In  the  center  of  the  upper  truncated 
part  of  the  cone,  Mr.  Achard  fixes  an  iron  bar 
terminated  by  a  ball ;  he  covers  the  whole  with 
an  infulated  glafs  receiver,  high  enough  to 
have  its  fummit  at  the  diftance  of  three  inches 
from  the  ball,  which  terminates  the  iron  bar,- 
to  which  he  fattens  a  very  fenftble  electrometer, 
and  alfo  a  linen  thread  to  difcover  the  fmalleft 
degrees  of  electricity*  As  this  inftrument  is 
but  little  elevated,  and  has  no  pointed  extre- 
mity, 
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fnity,  it  is  not  eafily  charged  with  the  electri- 
city of  the  air,  which,  at  ftich  a  degree  of 
proximity  to  the  earth,  is  always  impercepti- 
ble ;  but  rain,  fnow,  hail,  mift,  and  dew,  if 
they  are  electrical,  wilt  render  it  alfo  electrical 
by  falling  upon  the  cone  ;  the  degree  of  elec- 
tricity  is    afcertained    by   the  electrometer, 
which  is  under  the  receiver ;  and  in  order  to 
know  whether  it  be  pofitiye  or  negative,  the 
obferver  has  only  to  employ  the  method  indi- 
cated above,  in  Our  account  of  the  inftrument 
ufed  to  meafure  the  electricity  of  the  air.  Be- 
fides  the  ufe  of  this  inftrument  in  difcovering 
the  electricity  of  aqueous  meteors,  it  may  ftill 
ferve  farther  purpofes  :  it  may  be  highly  ufe- 
ful  to  compare  it  with  tli£  atmofpherical  elec- 
trometer, in  order  to  difcern  the  true  principle 
of  the  electricity  with  which  it  is  charged, 
and  to  fee  whether  it  proceeds  immediately 
from  the  air,  or  from  the  heterogeneous  bodies 
that  are  fufpended  in  the  atrnofphere  ;  for  the 
atmofpherical  electrometer  may  alfo  become 
electrical  by  rain,  fnow,  hail,  or  mift ;  and 
the  comparing  thefe  two  inftruments  is  the 
only  method  that  occurs  to  Mr*  Achard  by 
which  we  can  know,  whether  it  receives  its 
electricity  directly  from  the  air,  or  by  the  in- 
tervention of  bodies  (indued  with  a  conducing 
power)  which  are  diffufed  in  it.    If,  during 
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rain,  hail,  fnow,  or  mifl,  the  atmofpherical 
electrometer  is  eleflrical,  while  that  which  in- 
dicates the  electricity  of  aqueous  meteors  is 
not  fo,  we  may  conclude,  with  certainty,  that 
the  electricity  of  the  former  proceeds  only 
from  the  air  ;  if,  on  the  contrary,  they  are 
both  electrical,  it  rauft  then  be  inquired,  whe- 
ther they  be  fo  in  the  fame  degree ;  if  this  be 
the  cafe,  it  is  only  to  the  rain,  or  fnow,  8rc. 
that  the  electricity  muft  be  attributed.  I  need 
not  obferve  (concludes  Mr.  Achard)  that  when 
there  is  neither  rain,  fnow,  hail,  or  mift,  the 
atmofpherical  electrometer  will  always  indicate 
the  electricity  of  the  air. 


CHAR 
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CHAP.  XIII. 

On  the  Dijfufion  and  Subdivifion  of  Fluids 
by  ILleBricity. 

WE  are  chiefly  indebted  to'  the  Abbe 
Nollet  for  what  is  known  on  the  fub- 
iedt  of  this  chapter,  which  was  inveftigated 
by  him  with  incredible  induftry  and  patience* 
I  have  only  fubjoined  the  principal  refult  of  his 
experiments,  and  muft  refer  the  reader,  for  a 
more  ample  account,  to  the  Abbe's  own  wri- 
tings, or  Dr.  Prieftley's  Hiftory  of  Elec- 
tricity. 

Electricity  augments  the  natural  evaporation 
of  fluids ;  fince,  excepting  mercury  and  oil, 
all  the  others  which  were  tried  fuffered  a  dimi* 
nution  that  could  not  be  afcribed  to  any  other 
caufe  than  electricity. 

It  increafes  the  evaporation  of  thofe  fluids 
molt  which  naturally  tend  to  evaporate  rea-, 
dily.  Volatile  fpirits  of  fal-ammoniac  loll 
more  than  fpirits  of  wine,  this  more  than  wa- 
ter, &c. 

JLledtricity  adts  ftrongeft  upon  fluids  when 
the  veflels  which  contain  them  are  non^cledtrics. 
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The  evaporation  was  greateft  in  the  moft  open 
vefTels,  but  did  not  increafe  in  proportion  to 
their  apertures.  It  does  not  make  any  liquor 
evaporate  through  the  pores  either  of  metal  or 
of  glafs. 

To  extend  thefe  principles  further,  the  Abbe 
made  a  great  variety  of  experiments  on  electri- 
fied capillary  tubes,  and  found,  that  the  ftream 
would  be  fub-divided,  but  is  not  fenfibly  ac- 
celerated, if  the  tube  is  not  lefs  than  one  tenth 
of  an  inch  diameter  in  the  inlide. 

Under  this  diameter,  if  the  tube  is  wide 
enough  to  let  the  fluid  run  in  a  ftream,  ele&ri- 
city  will  accelerate  its  motion  in  a  fmall  de- 
gree. 

If  the  tube  is  fo  far  capillary  that  the  water 
only  iflues  from  it  in  drops,  the  electrified  jet 
becomes  a  continued  ftream,  it  will  even  be 
divided  into  feveral  fmaller  ones,,  and  its  motion 
is  considerably  accelerated  ;  the  fmaller  the  di- 
ameter of  the  tabe,  the  greater  is  the  accelera- 
tion. When  the  furface  is  wider  than  one 
tenth  of  an  inch,  electricity  feems  rather  to 
retard  the  motion  of  the  fluid. 

Experiment  CLXXXI. 

Fig,  77,  reprefents  a  metal  phial,  to  which  a 
capillary  tube  is  adapted,  which  will  only  per- 
mit 


ON     ELECTRICITY.  245 


niit  water  to  p.afs  through  it  in  interrupted 
drops.  Fill  the  pail  with  water,  and  fufpend 
it  from  the  prime  conductor,  then  turn  the  cy- 
linder, and  the  water  will  pafs  through  the 
tube  in  a  continued  ftream,  this  will  feparate 
into  other  ftreams,  that  will  appear  luminous 
in  the  dark. 

Experiment  CLXXXII. 

Sufpencl  one  pail  from  a  pofitive  conductor, 
and  another  from  a  negative  one,  fo  that  the 
end  of  th-e  tubes  may  be  about  three  or  four 
inches  from  each  other,  and  the  ftream  proceed- 
ing from  one  will  be  attracted  by  that  which 
iflues  from  the  other,  and  form  one  ftream, 
which  will  be  luminous  in  the  dark. 

If  the  pails  are  fufpended  on  two  pofitive, 
or  two  negative  conductors,  the  ftreams  will 
recede  frqm  each  other. 

Experiment  CLXXXIII. 

Place  a  metal  bafon  on  an  infulating  ftand, 
and  connect  it  with  the  prime  conductor ;  then 
pour  a  fmall  ftream  of  water  into  the  bafon, 
which  in  the  dark  will  have  a  beautiful  appear- 
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ance,  as  the  ftream  will  be  divided  into  a  great 
number  of  lucid  drops. 

Experiment  CLXXXIV. 

Dip  a  fponge  in  water,  and  then  fufpcnd  it 
from  the  conductor  ;  the  water,  which  before 
only  dropped  from  it,  will  now  fall  fait,  and 
appear  in  the  dark  like  fiery  rain 

Experiment  CLXXXV. 

Hold  a  pail,  which  is  furnifhed  with  feverai 
capillary  tubes  placed  in  various  directions,  near 
an  electrified  condu&or,  and  the  water  will 
ftream  out  of  thofe  jets  near  the  conductor, 
while  it  will  only  drop  at  intervals,  from  thofa 
which  are  oppofite  to  it. 

Experiment  CLXXXVI. 

The  knob  of  a  charged  jar  will  attract  a  drop 
of  water  from  a  faucer,  &c.  This  drop,  the 
moment  the  bottle  is  removed  from  the  faucer, 
affumes  a  conical  fiiape,  and  if  it  is  brought 
near  any  conducting  fubftance,  it  is  driven  for- 
cibly away  in  fmall  flreams,  which  are  lumi- 
nous in  the  dark, 

H 
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It  appears  by  this  experiment,  that  the 
electric  fire  not  only  tends  to  feparate  the  par- 
ticles of  water,  and  to  diffipate  them  into  va- 
pour as  common  fire,  but  that  it  effects  this 
with  uncommon  rapidity. 

Experiment     C  LXXXVII. 

Difcharge  a  battery  through  a  drop  of  water, 
previoufly  placed  on  the  knob  of  one  of  its 
bottles,  the  whole  will  be  inftantly  exploded 
into  vapour ;  the  fparks  will  be  much  longer 
than  common,  and  more  compact. 

Beccaria  obferves,  that  by  fending  a  dif- 
charge to  a  greater  or  lets  diftance,  through 
one  or  more  drops  of  quickfilver,  the  difcharge 
difFufes  itfelf  into  drops,  and  drives  them  into 
vapour ;  part  of  it  rifing  into,  the  air  in  the 
form  of  fmoke,  the  other  part  remains  on  the 
glafs. 

Experiment  CLXXXVIII. 

A  drop  of  water,  hanging  from  the  con- 
senting ball  of  an  electrified  conductor,  will 
ftretch  towards  water  placed  in  a  cup  under  it, 
lengthening  and  Ihortening  itfelf  according  to 
the  force  of  the  electricity, 

R  4  Ex- 
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Experiment  CLXXXIX.' 

Place  a  drop  of  water  on  the  prime  conduc- 
tor, turn  the  machine,  and  long  zig-zag  fparks 
may  be  taken  from  it ;  the  drop  will  take  a 
conical  figure  ;  the  body  that  receives  the  fpark 
will  be  wetted,  and  the  fparks  will  be  confider- 
ably  longer  than  can  be  obtained  from  the  con- 
ductor without  the  water.* 

Experiment  CXC. 

Stick  a  piece  of  fealing-wax  on  the  conductor, 
in  fuch  manner  that  it  may  be  eafily  fet  on  fire 
by  a  taper  ;  while  it  is  flaming  turn  the  cylin- 
der, the  wax  will  become  pointed,  and  Ihoot 
out  an  almofl  invifible  thread  into  the  air,  to 
the  length  of  a  yard  and  more.  If  the  fila- 
ments that  are  thrown  out  by  the  wax  are  re- 
ceived on  a  meet  of  paper,  the  paper  will  be 
covered  by  them  in  a  very  curious  manner,  and 
the  particles  of  the  wax  will  be  fo  far  fub- 
divided  as  to  refemble  fine  cotton.  To  faften 
the  piece  of  wax  conveniently  to  the  conductor, 
ftick  it  firft  on  a  fmall  piece  of  paper,  then 
twift  the  end  of  the  paper  fo  as  to  fit  one  of  the 
iioles  which  are  made  in  the  prime  conductor  ; 

wheri 
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when  it  is  thus  placed,  it  may  be  readily  fired 
jby  a  taper/* 

Experiment  CXCI. 

Infulate  a  fountain,  made  by  condenfed  air, 
and  which  emits  only  one  ftream  ;  electrify  the 
fountain,  and  the  ftream  will  be  feparated  into 
a  great  number ;  thefe  will  diffufe  themfelves 
equally  over  a  large  fpace  of  ground.  By  lay- 
ing a  finger  upon  the  conductor,  and  taking  it 
off  again,  the  operator  may  command  either 
the  fingle  ftream  or  the  divided  one,  at  plea- 
iure. 

Experiment  CXCII. 

Electrify  two  fmall  infulated  fountains  with 
the  different  electric  powers ;  the  ftreams  of 
both  will  be  difperfed  into  very  minute  parti- 
cles, which  will  run  together  at  the  top,  and 
come  down  in  heavy  drops,  like  a  Ihower  of 
rain. 
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CHAP.  XIV. 

Of  the  Ekfiric  Light  in  Vacuo. 

Experiment  CXCI1I. 

TA  K  E  a  tall  dry  receiver,  and  infert  iri 
the  top,  with  cement,  a  wire  with  a 
rounded  end,  then  exhauft  the  receiver,  and 
jprefent  the  knob  of  the  wire  to  the  conductor, 
and  every  fpark  will  pafs  through  the  vacuum 
in  a  broad  ftream  of  light,  vifihle  the  whole 
length  of  the  receiver.  The  ftream  often  di- 
vides itfelf  into  a  variety  of  beautiful  rivulets, 
which  are  continually  dividing  and  uniting  in 
z  moil:  pleafing  manner.  If  the  Yeffel  is  grafped 
"by  the  hand,  at  every  fpark  a  pulfation  is  felt, 
like  that  of  an  artery,  and  the  fire  bends  itfelf 
towards  the  hand.  This  pulfation  is  even  felt 
at  fome  diftance  from  the  receiver,  and  in  the 
dark,  a  light  is  feen  between  the  hands  and  the 
glafs. 

From  fome  experiments  made  feveral  years 
fince  by  Mr,  Wilfon,  with  an  excellent  air- 
pump  of  Mr.  Smeaton,  he  obferved,  that  very 
fmall  differences  of  air  occafioned  very  material 
differences  in  the  luminous  effects  produced  by 
the  electric  fluid  ;  for  when  all  the  air  was  taken 

out 
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i  cut  of  the  receiver,  which  this  pump  at  that 
time  was  capable  pf  extracting,  no  electric 
light  was  vilible  in  the  dark.  Upon  letting  in 
a  little  air  by  a  ftop-cock,  a  faint  electric  light 
was  vifible,  and  by  letting  in  a  little  more  air 
increafed  the  light,  which  again  decreafed  on 
letting  in  more  air  ;  till  at  laft,  on  admitting 
great  quantities,  it  intirely  vaniflied.  By  this 
experiment  it  appeared,  that  a  certain  limited 
quantity  of  air  was  neceflary  to  occafion  the 
greateft  luminous  effect. 

Experiment  CXCIV. 

Fig.  82,  reprefents  an  exhaufted  receiver, 
{landing  on  the  plate  of  an  air  pump,  ab  an 
electrified  wire  difcharging  a  ft  ream  b  c  of  the 
electric  fluid  on  the  plate  of  the  air  pump.  If 
the  ftratum  of  air  on  the  outlide  of  the  receiver 
be,  leflened  by  the  application  of  the  finger  to 
the  receiver,  and  by  this  means  an  opportunity 
be  given  to  the  fluid  on  the  outride  to  efcape, 
the  fluid  within  will  be  impelled  to  that  part, 
as  at  def.  It  has  been  inferred  from  this 
experiment,  that  no  repulfive  power  exifts  be* 
tween  the  particles  of  the  electric  fluid ;  bet 
caufe,  if  it  was  in  itfelf  really  elaftic,  or  en* 
dowed  with  a  repulfive  power  of  its  own,  it  is 
#ot  probable  it  could  pafs  in  an  uninterrupted 
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ftreaiH,  as  at  be,  when  the  refiftance  was  ta- 
ken off;  it  would  then  fpread  wider,  and  difplay 
its  elaftic  power. 

It  is  more  confiftent,  fays  Dr.  Watfon,  to 
fuppofe,  that  the  repulfion  of  thefe  particles 
which  is  feen  in  the  open  air,  is  occafioned  by 
the  refiftance  of  the  aiF,  and  not  to  any  natural 
tendency  of  the  electricity  itfelf. 

The  following  experiment  of  Beccaria  con- 
veys a  clear  idea  of  the  refiftance  the  air  makes 
to  the  pafTage  of  the  electric  fluid,  and  of  the 
diminution  of  that  refiftance  in  an  exhaufted 
receiver. 

Experiment  CXCV. 

Before  the  air  was  exhaufted  from  the  re- 
ceiver, if  the  wire  at  the  top  of  it  was  electri- 
fied, a  diverging  brulh  proceeded  from  it,  about 
an  inch  long.  On  exhaufting  the  receiver  the 
following  changes  took  place  :  firft,  the  rays 
of  the  brufh  became  longer  ;  fecondly,  the 
rays  diverged  lefs,  were  fewer  in  number,  and 
the  fize  of  the  remaining  rays  was  increafed  ; 
thirdly,  they  all  united  at  laft,  and  formed  a 
continued  column  of  light,  from  the  wire  to 
the  plate  of  the  air  pump. 

From  this  experiment  it  is  clear,  that  the  air 
is  the  agent  by  which,  with  the  affiftancc  c* 

other 
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mother  electrics,  we  are  able  to  communicate 
( electricity  on  electrics,  as  well  as  non-electrics  ; 
I  for  when  this  is  removed,  the  fluid  pervades 
rthe  vacuum,  and  flies  off  to  a  confiderable 
did  a  nee. 

Experiment  CXCVI. 

To  diilinguifli  with  great  accuracy  the  chan- 
ges in  the  form  and  length  of  the  electric 
ifpark  when  it  is  pamng  through  a  receiver,  the 
iair  of  which  is  more  or  lefs  rarefied  ;  fix  a  ball 
rto  the  rod,  let  another  proceed  from  the  plate 
cof  the  air  pump  ;  the  balls  are  to  be  placed 
: about  one  inch  from  each  other.  When  the 
'.vacuum  is  good,  a  fingle  uniform  ray,  of  a 
[purple  colour,  paries  from  one  ball  to  the  other  ; 
Ibut  in  proportion  as  the  air  is  admitted,  the 
rray  acquires  a  quivering  motion,  which  indi- 
cates that  a  refiftance  to  its  motion  then  begins* 
iznd  this  interruption  is  followed  by  a  divifion  of 
tthe  ray  or  flream  ;  the  ray  now  acquires  a  more 
wivid  light ;  and,  lafily,  it  becomes  the  common 
(fpark,  which  is  emitted  with  greater  or  left 
(facility,  in  proportion  to  the  power  of  the  ma- 
chine, and  the  refiftance  of  the  air. 
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Experiment  CXCVII. 

Preferitathincxhaultedflaflt,  fimilarto  that  re 
prefented  at  E,  fig.  4.9,  but  without  any  coatinj 
on  the  outfide,  to  the  conductor;  and  the  bottl 
will  be  luminous  from  end  to  end,  and  whei 
taken  from  the  conductor,  will  continue  lumi 
nous,  moving  in  various  curvilinear  direction 
for  a  considerable  time,  flafhing  at  intervals  ii 
a  manner  which  very  much  refembles  the  Auror 
Borealis.  The  light  may  be  revived  by  paflinj 
the  flafk  through  the  hand.  The  ftroke  of  th 
fluid  againft  the  glafs  is  very  fenfibly  heard  an< 
felt  in  this  experiment 

The  flexuous  motions  of  the  electric  flul 
in  an  exhaufted  receiver  may,  in  fome  degree 
be  produced  at  pleafure.  By  wetting  the  out 
fide  of  the  receiver,  the  fire  will  follow  the  di 
rection  of  the  wetted  line,  as  the  refiftance  i 
now  lefTened  on  one  fide ;  and  the  fire  can  ad 
here  and  accumulate  itfelf  on  the  infide  of  th 
receiver,  becaufe,-  by  means  of  the  dampnefs 
it  Can  expel  a  portion  from  the  outfide^ 

This  experiment  may  be  exhibited  very  pleai 
ingly*  by  making  a  toricellian  vacuum  in  : 
glafs  tube  about  three  feet  long,  and  then  feale< 
hermetically..  Hold  one  end  of  this  tube  ii 
the  hand,  and  apply  the-  other  to  the  conductor 

am 
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and  immediately  the  whole  tube  will  be  illumi- 
nated from  end  to  end,  and  will  continue  fo  for 
a  confiderable  time  after  it  is  removed  from  the 
conductor,  flalhing  at  intervals  for  many 
hours. 

Experiment  CXCVIII. 

Another  beautiful  appearance  may  be  pro- 
duced in  the.dark^  by  inferting  a  fmall  Leyden 
phial  into  the  neck  of  a  tall  receiver,  fo  that 
the  outward  coating  may  be  expofed  to  the 
vacuum.  Exhauit.  the  receiver,  and  then  charge 
the  phial,  and  at  every  fpark  which  paflfes  from 
the  conductor  to  the  infide,  a  flam  of  light  is 
feen  to  dart  from  every  part  of  the  external 
furface  of  the  jarj  fo  as  to  fill  the  receiver. 
•Upon  making  the  difcharge,  the  light  is  feerj 
to  return  in  a  clofe  body. 

Experiment  CXCIX* 

A  very  perfect  vacuum  for  the  paifage  of  the 
electric  fluid  may  be  made  by  a  double  barome- 
ter, or  long  bent  tube  of  glafs  filled  with  mer- 
cury and  inverted,  each  leg  {landing  in  a  bafon 
of  mercury ;  the  bent  part  of  the  tube  above 
the  mercury  forms  a  compleat  vacuum.    If  a 

bottle 
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bottle  is  difcharged  through  this  fpace,  th» 
light  appears  uniform  through  the  whole  fpace, 
but  is  moft  vivid  when  the  difcharges  are  Itrong* 
Dr;  Watfon  infulated  this  apparatus,  and  then " 
made  one  of  the  bafons  of  mercury  communi- 
cate with  the  conductor,  and  touched  the  other 
with  a  non-electric  ;  the  electric  fluid  pervaded 
the  vacuum  in  a  continued  flame,,  without  any  di- 
vergence :  when  one  of  the  bafons  was  connected 
with  the  infulated  culhion,  the  fire  appeared  to 
pervade  the  vacuum  in  a  different  direction. 

Experiment  CC. 

f'ig.  83,  reprefents  a  glafs  tube,  fuch  as  is 
generally  ufed  for  barometers ;  on  the  end  b  a 
Heel  cap  is  cemented,  from  which  a  wire  and 
ball  c  d  prbceed  into  the  tube.  Fill  this  tube 
with  quickfilver,  and  then,  by  fending  up  a 
large  bubble  of  air,  and  repeatedly  inverting  the 
tube,  free  the  quickfilver  and  iron  ball  from 
air,  according  to  the  ordinary  mode  of  filling 
barometers  ;  then  place  a  fmall  drop  of  zether 
on  the  quickfilver,  and  put  the  finger  on  the 
end  of  the  glafs  tube"  invert  the  tube,  and  then- 
infert  the  end/  in  a  bafon  of  quickfilver,  taking, 
care  not  to  remove  the  finger  from  the  end  of 
the  tube,  till  the  end  is  immerged  half  an  inch 

under 
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linder  the  filver.    When  the  finger  is  removed, 
the  quickfilver  will  defcend,   and  the  ether 
will  expand  itfelf,  leffen  the  vacuum,  and  de- 
prefs  the  mercury,  in  the  tube  ;  now  prefent 
the  metallic  top  of  the  tube  to  a  large  charged 
conductor,  and  a  beautiful  green  fpark  will  pals 
from  the  ball  to  the  quickfilver.    By  admitting 
a  fmall  quantity  of  air  into  the  vacuum  ,j  an 
appearance  Something  fimilar  to  a  falling  flar 
is  obtained.    I  an  indebted  for  this  valuable 
experiment  to  Mr.  Morgan,  of  the  Equitable 
AfTurance  Office. 

See  alfo  Ex.  110,  in,  119,  120,  of  tnis 
Effay,  for  further  obfervations  on  the  appear- 
sM<tt  of  the  eledtric  light  in  vacuo,* 


CHAP. 
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CHAP.  XV. 

Of  Medical  Eletlricity. 

THE  Abbe  Nollet  fays,  that  he  received 
more  pleafure  when  he  difcovered  that  the 
motion  of  fluids  in  capillary  tubes,  and  the 
infenfible  tranfpiration  of  animated  bodies  were 
augmented  by  electricity,  than  by  any  other 
difcovery  he  had  made  ;  becaufe  they  feemed  to 
promife  fuch  abundant  advantages  to  mankind, 
when  properly  applied  by  a  Ikilful  hand.  But 
how  much  would  this  pleafure  have  been  aug- 
mented, if  he  had  lived  to  fee  his  hopes  rea- 
lized, and  this  branch  of  electricity  obtain  the 
fame  medical  certainty  as  the  bark  in  inter- 
•  mittents ! 

If  is  true,  that  like  every  other  fimple  me- 
dicine which  has  proved  beneficial  to  mankind, 
Electricity  met  with  much  oppofition  from  the 
interefted  views  of  fome,  and  the  ignorance 
of  others ;  has  been  treated  with  contempt,  and 
injured  by  mifplaced  caution.  I  mall  recom- 
mend to  thofe  who  thus  oppofe  it,  not  to 
condemn  a  fubjeq:  of  which  they  are  ignorant, 
but  to  hear  the  caufe  before  they  pafs  fentence ; 
to  take  fome  pains  to  underltand  the  nature  of 

electricity  ; 
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electricity ;  to  learn  to  make  the  eledtrical  ma- 
chine aft  well,  and  then  apply  it  for  a  few 
weeks  to  fpme  of  thofe  diforders  in  which  it  has 
been  adminiitcrcd  with  the  greateft  fucccfs ; 
and  there  is  no  doubt  but  they  would  foon  be 
convinced  that  It  deferves  a  diftinguifhed  rank 
in  medicine,  which  is  the  offspring  of  phi- 
loibphy. 

The  fcicnce  of  medicine  and  its  practitioners 
have  been  reproached  with  the  mftabifity  and 
fluctuations  of  practice  ;  at  one  time  cold  as  the 
ice  at  Zembla,  at  another  hot  as  the  Torrid 
Zone  ;  that  they  are  led  by  fafhion,  and  influ- 
enced by  prejudice.  On  this  ground  it  has 
been  predicted,  that  however  great  the  benefits 
which  may  be  derived  from  electricity,  it 
would  ftill  only  lafr.  for  the  day  of  fafhion,  and 
then  be  configned  to  oblivion.  I  muft  confefs, 
that  I  cannot  be  of  this  opinion,  nor  eafily  led 
to  think  a  fet  of  men  whole  judgment  has  been 
matured  by  learning  and  experience,  will  ever 
neglect  an  agent,  which  probably  forms  the  moft 
important  part  of  our  conftitution.  Electricity 
is  an  active  principle,  which  is  neither  generated 
nor  deftroycd ;  which  is  every  where,  and  al- 
ways prefent,  though  latent  and  unobfcrved ; 
and  is  in  motion  by  night  and  day,  to  maintain 
an  equilibrium  that  is  continually  varying.  To 
give  one  inftance,  among  many,  it  has  been 

S  2  fliewn, 


2Co  AN  ESSAY 

ihcwn,  that  the  rain  which  defcends  in  a  ftorm 
is  ftrongly  impregnated  with  electricity,  and 
thus  brings  down  what  the  heated  vapours  car- 
ried up  into  the  air,  till  the  deficiency  of  the 
earth  is  fupplied  from  the  fuperfluity  of  the 
heavens.  A  variety  of  other  caufes  concur  to 
vary  continually  the  equilibrium  of  this  fluid  ; 
as  the  perpetual  interline  and  olciliatory  motion, 
which  contributes  fo  much  towards  carrying  on 
the  operations  of  nature.  Further,  if  a  parti- 
cular portion  of  this  fluid  is  distributed  to  every 
'fubftance,  then  every  alteration  of  its  capacity  ^ 
which  is  continually  changing  by  heat  or  cold, 
mult  move  and  operate  on  it. 

As  heat,  or  fire  in  action  is  the  firft  mover 
in  the  animal  machine,  and  the  chief  active 
principle  during  its  exiftence,  and  as  electricity 
exhibits  fo  many  phoenomena,  which  cannot 
be  diitinguiflied  from  thofe  of  fire,  we  are  na- 
turally led  to  conceive  high  ideas  of  the  im- 
portance of  this  fluid  to  medicine.  Though 
the  vital  flare  of  it  is  not  to  be  eftimated 
by  the  degree  of  heat,  abftra&edly  conhder- 
ed,  becaufe  the  degree  of  heat  only  afcer- 
tains  the  quantity  which  is  acting  in  a  peculiar 
manner,. 

It  is  known,  that  this  vivifying  principle 
haitens;  the  vegetation  of  plants.  Myrtle-trees, 
which  were  electrified,   budded  fooner  than 

others 
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otfjefS  of  the  fame  kind  and  fize,  and  in  the 
fame  green-houfe.      Seeds,    daily  electrified, 
have  mot  up,  and  grown  more  in  three  or  four 
davs,  than  others  of  the  fame  kind,  and  alike 
in  all  other  circumftances,  have  done  in  eleven 
or  twelve  days.      In  the  fame  manner  Mr, 
Achard  has  fliewn,  that  it  may  be  ufed  as  a 
fupplement  for  heat,  to  hatch  the  chicken  from 
the  egg.     The  fuppofition  of  an  ingenious 
writer  is  by  no  means  improbable,  that  the  ve- 
getating power  which  is  operating  during  the 
whole  year  in  ever-greens,  may  arife  from  thefe 
trees  having  more  refin  in  their  compofition 
tjian  thofe  whole  leaves  fall  in  autumn,  by 
which  they  are  enabled  to  attract  and  retain 
thofe  juices  which  give  them  their  continual 
verdure,  and  fupply,  in  fome  degree,  the  ab- 
fence  of  folar  heat.     This  may  be  inferred 
from  their  natural  properties,  and  is  confirmed 
by  the  itrong  electric  power  poffefTed  by  their 
leaves.    The  fame  writer,  thinks,  that  the  fluid 
collected  in  our  electrical  experiments  is  only 
thofe  folar  rays  that  have  been  difperfed  in,  and 
are  arrefted  by  the  earth  ;  an  idea  which  is 
ftrongly  corroborated  by  the  obfervations  made, 
on  atmofphcrical  electricity,  and  bv  the  de- 
ductions which  have  been  made  from  the  rela- 
tive affinities  of  fire,  light,  and  heat. 

S  3  The 
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The  agency  of  this  fluid,  and  its  exigence 
in  animated  nature,   has  been  fully  proved  by 
the  experiments  that  have  been  made  on'  the 
Torpedo  and  the  gymnotus  electricus  ;  for  the 
fimilitude  cftablifhed  between  the  electrical  fluid 
of  the  Torpedo  and  that  of  nature  at  large,  is 
fuch,  that,  in  a  phyfical  fenfe,  they  may  be 
confidered  as  precifely  the  fame.     Mr.  Hunter 
has  well  obferved,  fay3  Sir  J.  Pringle,  and  I 
think  he  is  the  firft  who  has  made  the  obferva- 
tion,  that  the  magnitude  and  number  of  the 
nerves  beftowed  on  thofe  electric  organs,  in  pro- 
portion to  their  fize,  muft  appear  as  extraordi^ 
nary  as  their  effects  ;   and  that,  if  we  except 
the  important  organs  of  our  fenfes,  there  is  no 
part,  even  of  the  moft  perfect  animal,  which,  for 
its  fize,  is  more  liberall  y  fuppiied  with  nerves  than 
the  Torpedo;  nor  yet  do  thefe  nerves  of  the  elec- 
tric organs  feem  neceffary  for  any  fenfation  that 
can  belong  to  them  :  and  with  refpect  to  action, 
Mr.  Hunter  obferves,  that  there  -is  no  part  of 
any  animal,  however  ftrong  and  conftant  its 
action  may  be,  which  enjoys  fo  large  a  portion 
of  them.    If  then  it  be  probable,  that  thefe 
nerves  are  unnece'flary  for  the'purpofe  either  of 
fenfation  or  action,  may  we  not  conclude,  that 
they  are  fubfervient  to  the  formation,  collection, 
and  management  of  the  electric  fluid  ?  efpe-r 
cially,  as  it  appears  from  Mr,  Walfh's  experi- 
ments, 
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merits,  that  the  will  of  the  animal  commands 
the  electric  powers  of  its  organs.  If  theic  re- 
flections are  jutf,  we  may  with  fome  probabi- 
lity foretell,  that  no  dilcovery  of  confequence 
will  ever  be  made  by  future  phyfiologifts  con- 
cerning the  nature  of  the  nervous  fluid,  with- 
out acknowledging  the  lights  they  have  bor- 
rowed from  the  experiments  of  Mr.  Walfh 
upon  the  living  Torpedo,  and  the  direction  ot 
the  dead  animal  by  Mr.  Hunter.  * 

A  variety  of  curious  facts  clearly  evince, 
that  the  electric  fire  is  cfTentially  connected 
with  the  human  frame,  and  is  continually  ex- 
erting its  influence  upon  it,  Mr.  Brydone  men- 
tions a  lady,  who,  on  combing  her  hair  in 
frofty  weather  in  the  dark,  had  fometimes  ob- 
ferved  fparks  of  fire  to  ifiiie  from  it ;  this  made 
him  think  of  attempting  to  collect  the  electrical 
fire  from  hair  alone,  without  the  affiftance  of 
any  other  electrical  apparatus.  To  this  end,  he 
defired  a  young  lady  to  ftand  on  wax,  and 
comb  her  filler's  hair,  who  was  fitting  in  a  chair 
before  her  ;  foon  after  fhe  had  begun  to  comb, 
the  young  lady  on  the  wax  was  furprized  to 
find  her  whole  body  electrified,  and  darting  out 
fparks  of  fire  againft  every  object  that  ap- 
proached her,  The  hair  was  ftrongly  electrical, 
and  affected  an  electrometer  at  a  considerable 
dillancc.  He  charged  a  metallic  conductor  from 

S  4  it, 
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it,  and  in  the  fpace  of  a  few  minutes  colle&cj 
a  fufficient  quantity  of  fire,  to  kindje  common 
fprrits,  and  by  means  of  afmalljar,  gaye  many 
fmart  ftrokes  to  all  the  company. 

Mr.  Cavallo  obtained,  by  means  of  a  fmall 
condenfing  plate,  very  fenfible  figns  of  eleclri- 
city  from  various  parts  of  his  own  body,  and 
the  head  of  almo#-any  other  perfon. 

When  the  difoyeries  in  this  fcience,  fays  Mr. 
Brydone,  are  further  advanced,  we  may  find, 
that  what  we  call  fenfibility  of  nerves,  and  ma- 
$.y  other  difeafes,  which  are  known  only  by 
name,  are  owing  to  the  bodies  being  pofTcfTed 
of  too  large  or  too  fmall  a  quantity  of  this  fubtle 
fluid,  which  is  perhaps  the  vehicle  of  all  our 
feelings-  It  is  known,  that  In  damp  and  hai'.y 
weather,  when  this  fire  is  blunted  and  abforbed 
by  the  humidity,  its  activity  is  lefTened,  and 
what  is  collected  is  foon  diflipated  ;  then  our 
fpirits  are  more  languid,  and  our  fenfibility  is 
lefs  acute.  And  in  tjie  fierce  wind  at  Naples, 
when  the  air  feems  totally  deprived  of  it,  the 
whole  iyftem  is  unftrung,  and  the  nerves  feem 
to  lpfe  both  their  tenfion  and  elafticity,  till  the 
north-weft  wind  awakens  the  activity  of  the  ani- 
mating power,  which  foon  reftores  the  tone, 
and  enlivens  all  nature,  which  feemed  to  droop 
and  languifh.  in  its  abfence  :  nor  can  this  ap- 
pear furprizing,  if  it  is  from  the  different  flare 

>W  *  '•'  •     ,r  '  "of 
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6f  j&is  fire  in  the  human  body,  that  the  ftriftura 
and  laxum  proceeds,  and  not  from  any  alter- 
ation in  the  fibres  themfelves,  or  their  being 
more  or  lefs  braced  up,  (among  which  bracers 
cold  has  been  reckoned  one)  though  the  muf- 
ciilai  parts  of  an  animal  are  more  braced  when 
tiiey  are  hot,  and  relaxed  when  they  are  cold. 

Mr.  Jalabert  and  Profefifor  Sauffure,  when 
pafiing  the  Alps,  were  caught  amongft  thun- 
der-clouds., and  found  their  bodies  full  c£ 
electrical  fire  ;  fpontancous  flames  darting  from 
th&$  fingers,  with  a  crackling  noife,  and  the 
fenfations  they  felt  were  the  fame  as  when 
•  ftrongly  electrified  by  art.  It  feems  pretty  evi- 
dent, that  thofe  feelings  were  owing  to  their  bo- 
dies containing  too  great  a  fhare  of  electrical 
fire:  and  it  is  not  improbable,  that  many  of 
our  invalids  owe  their  feelings  to  the  oppolit^ 
taufe, 

Experiment  CCI. 

Pafs  the  charge  of  a  large  jar,  or  battery? 
from  the  head  to  the  back  of  a  moufe  ;  this, 
if  the  Ihock  is  fufHciently  ftrong,  will  kill  the 
animal.  After  its  death,  make  the  difchar$re 
in  the  fame  manner,  and  the  fluid  will  pafs  vi- 
fibly  over  the  body,  and  not  through  it  ;  evin- 
cing, 
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cing,  that  the  power  or  medium  which  tranf* 
mitted  the  mock  through  the  animal,  is  loft 
•with  its  life.  This  experiment  is  taken  from 
Mr,  Cavallo's  treatife  on  medical  electricity. 
Its  importance  is  felf-evident,  and  it  certainly 
merits  a  further  inveftigation,  by  thofe  who  are 
acquainted  with  the  animal  ceconomy,  as  well 
as  electricity. 

The  following  experiment  mews,  that  the 
frieetfck  fluid  pafles  through  that  feries  of  muf- 
th  which  form  the  Ihortefl  pafFage  for  it,  and 
whole  conducting  power,  or  electric  capacity, 
is  moft  favourable  to  it. 

Experiment  CCII. 

Let  A  grafp  a  Leyden  phial  with  his  right 
hand,  and  touch,  with  a  brafs  rod  held  in  his 
left  hand,  the  naked  right  foot  of  B ;  let  the 
left  foot  of  B  communicate  by  a  brafs  rod  with 
the  right  foot  of  C  ;  let  D  with  his  right  hand 
hold  the  left  ear  of  C,  and  touch  the  knob  of  the 
bottle  with  his  left  hand  :  A  will  feel  the  mock 
in  the  mufcles  of  the  right  hand  and  arm,  of 
the  thorax,  and  of  the  left  hand  and  arm  ;  B 
wiil  feel  the  commotion  in  the  mufcles  of  his 
right  foot,  right  leg  and  thigh,  and  thofe 
which  are  connected  with  the  left  thigh,  leg, 
and  foot,  while  C  will  perceive  it  in  that  feries 

which 
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which  goes  from  the  leg  to  the  ear  by  which 
he  communicates  with  D.  The  action  of  the 
iluid  on  the  human  body  in  the  mock,  is  the 
fame  when  it  paflcs  through  fimilar  parts  with 
the  fame  denfity.  Its  action  is  more  exte-nfive 
when  the  fire  is  denfeft,  and  therefore  moft  in- 
tenfe  when  it  meets  with  any  refiftance. 

Affifted  by  a  furgeon,  Beccaria  made  feveral 
experiments  upon  the  effects  produced  by  elec- 
tricity on  the  mufcles  in  the  left  leg  of  a  cock. 
The  mufcles  were  jftrongly  contracted  when  a 
mock  was  palled  through  them,  and  the  con- 
traction was  always  accompanied  by  a  fudden 
and  proportional  fwelling  of  the  mufcles,  ex- 
cepting at  the  part  where  the  membrane  is  in- 
ferted,  which  fcparates  one  mufcle  from  ano- 
iher,  which  was  always  depreffed.  The  mem- 
brane which  in  veiled  that  part  of  the  mufcle 
through  which  the  fluid  paifed,  became  dry 
and  wrinkled,  and  a  vapour  arofe  from  that 
parr  ;  when  one  mufcle  was  contracted,  a  ge- 
neral contraction  took  place  in  thofe  that  were 
contiguous  to  it,  and  they  were  a  little  con- 
vulfed  after  the  mock. 

In  another  inftancc,  where  the  mufcle  was 
relaxed  and  parted  from  the  thigh,  on  pafling 
the  Ihock  through  it  the  mufcle  contracted  it- 
felt,  and  was  drawn  back  into  its  natural  place, 
and  could  not  be  again  difplaccd  but  by  force ; 
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a  circumftance  which  ftrongly  manifcfts  the 
power  of  electricity  to  give  tone  to  a  flaccid 
fibre.  Indeed,  when  we  con  rider,  fays  a  very 
fenfibic  writer,  that  the  mufcles  have  been 
brought  into  action  by  the  electric  fire,  that  ft 
rendered  palfied  limbs  plump,  and  reftored 
a  power  of  action  and  motion  to  many,  whofe 
pafffes  did  not  arife  from  the  fpinal  marrow. 
Is  it  not  a  convincing  proof,  that  the  vital  fire 
is  the  caufe  of  mufcular  motion,  and  that  this 
is  the  fame  with  that  which  is  collected  by  the 
electrical  machine  ? 

As  the  feience  of  medicine  knows  of  no 
fpecific,  fo  we  are  not  to  fuppofc,  that  elcclri- 
city  will  triumph  over  every  diforder  to  which 
it  is  applied.  Its  fuccefs  will  be  more  or  lefs 
extenfive,  according  to  the  difpofition  of  the 
fubject,  and  the  talents  of  thofe  who  direct  it ; 
it  cannot  therefore  appear  furprifing,  that  many 
diforders  have  been  refractory  to  its  powers, 
and  others  have  only  yielded  in  a  fmall  degree  ; 
or,  that  the  progrefs  of"  the  cure  has  often  been 
flopped  by  the  impatience,  or  prejudice,  of  the 
difeafed  :  but,  at  the  fame  time,  it  muft  be  ac- 
knowledged, that  even  in  its  infancy,  when 
it  had  to  combat  againft  fear,  prejudice,  and 
intereft,  its  fuccefs  was  truly  great  :  we  have 
furely  then  the  higheft  reafon  to  expect  a  con- 
fidcrable  increafe  of  fuccefs,  now  that  it  ts  cul- 
tivated 
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tivatcd  and  promoted  by  profcmonal  mm  of 
the  firft  merit. 

Experiment  CC1IL 

This  experiment  Ihews,  that  die  electric 
powers  may  be  put  in  action  by  heat  and  cold. 
It  was  originally  made  by  M'n  Canton.  He 
procured  ibme  thin  giafs  balls,  of  about  am 
inch  arid  a  half  diameter,  with  items  or  tubes, 
of  eight  or  nine  inches  in  length,  and  electri- 
fied them,  fome  pofitiveiy  on  the  infidc, 
others  negatively,  and  then  fealed  them  herme- 
tically ;  loon  after  he  applied  the  naked  balls  t6 
his  electrometer,  and  could  not  obferve  the 
leaft.  fign  of  their  being  electrical ;  but  holding 
them  at  the  fire,  at  the  diftancc  of  five  or  fix 
inches,  they  became  lTrdngly  cicatrical  in  a 
a  lliort  time,  and  more  fo  wheri  they  were  cool- 
ing. Thefe  balls  would,  every  time  they  w7ere 
heated,  give  the  electric  power  to,  or  take  it 
from,  other  bodies,  according  to  the  plus  or 
minus  ftate  of  it  within  them.  Heating  them 
frequently  diminrmcd  their  power,  but  keeping 
One  of  them  under  water  a  week  did  not  in  the 
lealt.  impair  it.  The  balls  retained  their  virtue 
above  fix:  years.  The  tourmalin,  and  marij 
other  precious  {tones,  are  alfo  known  to  acquire 
electricity  by  heat.    The  tourmalin  has  always, 

at 
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at  the  fame  time,  a  pdfitive  and  negative  clec-» 
tricity  ;  one  fide  of  it  being  in  one  ftate,  the 
other  in  the  oppofite*  Thefe  powers  may  be 
excited  by  friction  and  by  heat ;  nay,  even  by 
plunging  it  in  boiling  water* 

Experiment  CCIV. 

Infulate  a  fenfiblc  mercurial  thermometer, 
and  place  the  bulb  between  two  balls  of  wood, 
one  affixed  to  the  conductor,  the  other  com- 
municating with  the  ground,  and  the  electric 
fluid,  in  palling  between  the  two  balls,  will  raife 
the  mercury  in  the  thermometer  confidcrably* 
With  a  cylinder,  of  about  feven  inches  and  a 
half  in  diameter,  the  fluid  palling  from  a  ball 
of  lignum  vitee  to  a  ball  of  beech^  and  thence 
to  the  ground,  elevated  the  quicklilver  in  the 
thermometer  from  68°  to  iio°,  repeatedly  to 
105.  The  thermometer  was  raifed  from  68° 
to  850,  by  the  fluid  palling  from  a  point  of  box 
to  a  point  of  lignum  vitse  ;  from  6y°  to  ico°, 
from  a  point  of  box  to  a  ball  of  box  ;  from 
66°  to  ico°,  from  a  ball  of  box  to  a  brafs 
point ;  from  690  to  1  oo°,  from  ball  to  ball ; 
the  bulb  of  the  thermometer  covered  with 
flannel. 
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A  lift  of  difeafes,  in  which  it  has  been  fuo 
cefsful,  is  given  by  fome  writers,  but  I  refrain 
from  following  their  example,  becaufe  I  under* 
fiand  there  is  a  rational  fyftem  formed  on  the 
experiments  of  the  laft  four  years  ;  to  compre* 
head  which,  a  knowledge  of  diiea&s,  their 
caufes  and  fymptoms,  is  requifite* 

In  this  fyftem,  it  is  ranked  as  an  anti-fpafmo* 
die,  is  confidered  as  the  mo  ft  powerful  external 
application  to  difeafes,  and,  from  the  various 
manners  in  which  it  is  ufed,  ferves  the  purpofes 
of  a  fedative,  a  ftimulant,  and  a  deobftruent* 
In  medicine,  it  becomes  then  applicable  to 
palfies,  rheumatifms,  intermittents ;  to  fpafm, 
obftru&ion,  and  inflammation*  In  furgery  it 
has  confiderable  fcope  for  action  ;  where  con- 
tractions and  fprains,  tumors,  particularly  of 
the  glandular  fort,  wafting  of  the  mufclcs, 
and  other  incidents,  form  a  catalogue  of  vifible 
difeafes,  as  diftreflmg  to  the  fight  of  others  as 
to  the  patients  themfelves.  The  gout,  and  the 
fcrophula,  or  king's  evil,  two  difeafes  which 
have  tormented  mankind,  and  been  the  difgrace 
of  medicine  to  the  prefent  time,  are  ranked 
among  thofe  to  which  this  remedy  is  applica- 
ble ;  and  in  the  commencement  of  the  com- 
plaints, I  am  informed,  has  been  wonderfully 
luccefsful.  To  remove  ill-placed  fits  of  the 
gout,  it  fhould  fcem  to  be  a  more  rational  ap- 
plication 
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plication  than  any  medicine,  for  it  applies  di- 
rectly to  the  feaft  of  the  difeafe,  with  a  power 
?nd  fapidity  unknown  in  phyfic,  and  perfectly., 
manageable  at  difcretion ;  arid;  as  it  is  a  reme- 
dy which  applies  to  the  undefftanding  as  well 
Us  to  the  feelings,  I  mould  think  it  better  worth' 
the  attention  and  contemplation  of  men  of  li- 
beral education,  than  the  compounding  a  medi- 
cine, in  which  they  ptace  little  faith,  or 
applying  a"  plainer,  ill  which  they  have  none 
at  all. 

The  fuccefs  of  electricity,  in  relieving  the 
fmTcrings  of  mankind,  has  been  conficferably 
promoted,  and  its  operations  rendered  more 
rapid,  fenfiblc,  and  efficacious,  by  applying  it 
in  different  manners  and  quantities  to  the  hu- 
man frame*'  The  modes  formerly  ufed  were 
the  fhock,'  the  fpark,;  and  fometimes,  though 
very  feldom,  fimple  electrification.  Thefe 
modes  are  now  varied,  and  their  number  aug- 
mented. The  ftream  of  the  electric  fluid  may," 
without  a  fhock,  be  made  to  pafs  through  any 
part  of  the  body  ;  it  may  alfo  be  thrown  upon, 
or  extracted  from  any  part,  and  its  action  in 
each  cafe  varied,  by  caufing  the  fluid  to  pafs 
through  materials  which  refifl  its  paffage  in  dif- 
ferent degrees ;  it  may  be  applied  to  the  naked 
integuments,  or  to  the  fkin  covered  with  dif- 
ferent  refitting  fubfhnces ;  and  its  power  ri&tf 

be 
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ire  rarefied  or  condcnfed,  confined  to  one  fpot,- 
or  applied  in  a  more  diffufiye  manner,-  at  the 
difcretion  of  the  operator. 

The  apparatus  neceffary  for  this  purpofe  is 
fimple,  and  confifts  of  the  following  articles. 

1 .  An  electrical  machi-ne,  with  an  infulated 
eufhioiT,  properly  conftructed  to  afford  a  con- 
tinued and  ftrong  ftream  of  the  electrical 
fluid. 

a.  A  ftool  with  infulating  feet,  or  rather  art 
arm  chair  fixed  on  a  large  infulating  ftool.- 
The  infide  part  of  the  back  of  the  chair  mould 
move  on  a  hinge,  that  it  may  occafionally  let 
down  to  electrify  conveniently  the  back  of  the 
patient  :  the  arms  of  the  chair  fhould  alfo  be 
made  longer  than  is  ufuah 

3.  A  Leyden  bottle  with  an  electrometer. 

4.  A  pair  of  large  directors  and  wooden 
points. 

5.  A  few  glafs  tubes  of  different  bores,  fome 
■  of  them  with  capillary  points. 

To  thefe  may  be  added,  an  univerfal  dif- 
charger  on  a  large  fcale,  a  pair  of  fmall  direc- 
tors with  filver  wires,  and  a  pair  of  infulating 
:  forceps. 

Fig.  93  reprefents  the  directors,  the  handles 
,are  of  glafs.    A  is  a  brafs  wire  with  a  ball  on* 
its  end.  The  wire  of  one  is  bent,  for  the  more 
conveniently  throwing  the  electric  fluid  on  the 

T  eye, 
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eve,  &c.  The  balls  may  be  unferewed  from 
the  wires,  and  the  wooden  point  B  fcrewed  in 
its  place,  or  the  pointed  end  of  the  brafs  wire 
may  be  ufed.  The  directors  mould  always  be 
held  by  that  extremity  of  the  glafs  handle 
which  is  fartheft  from  the  brafs,  and  care 
mould  be  taken  that  the  heat  of  the  hand  does 
not  make  them  moift. 

Fig.  85  is  the  medical  bottle,  furniflied 
with  an  electrometer,  to  limit  the  force  of  the 
mock,  and  enable  the  operator  to  give  a  fuc- 
ceflive  number  of  them  of  the  fame  force.  C 
is  a  bent  piece  of  glafs,  on  the  upper  part  of 
which  is  cemented  a  brafs  focket  D,  furnilhed 
with  a  fpring  tube  E;  the  wire  F  moves  in 
this  tube,  fo  that  the  ball  G  may  be  fet  at  a 
convenient  diftance  from  the  ball  H.  The 
end  I  of  the  bent  piece  of  glafs  is  alfo  furniflied 
with  a  fpring  tube,  which  Hides  upon  the  wire 
K,  communicating  with  the  infide  of  the 
bottle. 

To  life  this  bottle,  place  the  ball  H  in  contact 
with  the  conductor,  or  connect  them  together 
by  a  wire,  and  then  charge  it  in  the  ufual  man- 
ner. Now,  if  a  wire  proceeds  from  the  ball 
L  to  the  outfide  coating,  the  bottle  will  be  dis- 
charged whenever  the  fluid  has  acquired  fuffici- 
ent  force  to  pafs  through  the  fpace  of  air  be- 
tween the  two-  baits ;  confequently  the  fliock 
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is  ffronger  in  proportion  as  the  diflance  between 
the  two  balls  is  increafed. 

It  is  obvious,  that  when  the  electrometer  k 
thus  connected,  it  acts  in  the  fame  manner  as  a 
common  difchargihg  rod,  and  forms  the  com- 
munication from  the  ouriide  to  the  infide  of 
the  bottle  ;  with  this  difference  only,  that  the 
diflance  of  the  end  which  is  to  communicate 
with  the  infide  may  be  limited  and  regulated. 
The  mock  maybe  given  to  any  part  of  the  hu- 
man body  by  introducing  that  part  of  the  body 
into  the  circuit  which  is  made  between  the  outfide 
and  infide  of  the  bottle^  This  is  conveniently 
effected,  by  connecting  one  diredtor  by  a  piece 
of  wire  with  the  electrometer,  and  the  other  tc* 
the  outfide  of  the  bottle ;  then  hold  the  direc- 
tors by  their  glafs  handles,  and  apply  the  balls 
of  them  to  the  extremity  of  the  parts  through 
which  the  fhocks  are  to  be  paffed. 

The  force  of  the  mock,  as  we  have  already 
obferved,  is  augmented  or  diminifhed  by  in- 
crcafing  or  lelTening  the  diflance  between  the 
two  balls,  which  muff  be  regulated  by  the  ope- 
rator to  the  ffrength  and  fenfibility  of  the  pa* 
tient. 

The  handles  of  the  directors  mould  be  care- 
fully drledj  as  aifo  the  bent  piece  of  glafs  C, 
and  thofe  parts  of  the  bottle  which  are  above 
the  coating.    It  is  liRewife  ncceffary  to  prefs 
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the  ends  of  the  directors  againfl:  the  part,  to 
convey  the  fhock  more  readily. 

Some  gentlemen  have  thought  the  electric 
forceps  a  very  convenient  inurnment  to  conduct 
the  fhock  through  any  particular  part  of  the 
body.  Their  ufe  is  evident  from  an  inflection 
of  fig.  86.  ' 

The  following  mode  of  extracting  the  con- 
denfed  fluid  from  the  infide  of  a  charged  Ley- 
den  jar  has  been  found,  in  certain  circumftances, 
peculiarly  advantageous.  Connect  a  director, 
by  means  of  a  wire,  with  the  ball  of  a  Leyden 
jar,  charge  the  jar,  either  compleatly  or  parti- 
ally, and  then  apply  the  ball  or  point  of  the 
conductor  to  the  part  intended  to  be  electrified, 
and  the  fluid,  which  was  condenfed  in  the  phial, 
will  be  thrown  on  the  part  in  a  denfe  flow 
ftream,  attended  with  a  pungent  fenfation, 
which  produces  a  confidcrable  degree  of 
warmth.  If  a  wire,  that  communicates  with 
,  the  ground,  is  placed  oppofite  to  the  end*of 
the  director,  the  paffage  of  the  fluid  will  be 
rendered  more  rapid,  and  the  fenfation  ftronger. 
It  is  obvious,  that  in  this  cafe  the  circuit  be- 
tween the  infide  and  the  outfide  of  the  jar  is 
not  compleated,  therefore  the  fhock  will  not  be 
felt.  The  condenfed  fluid  pafTes  in  a  denfe 
flow  flream  through  the  required  part,  while 
the  outfide  acquires  a  fufneient  quantity,  from 

the 
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the  conducting  fubftances  near  it,  to  reftore 
the  equilibrium. 

To  pafs  a  flream  of  the  electric  fluid  through 
any  part  of  the  human  body,  conned:  one  di- 
rector by  a  wire  with  the  pofitive  conductor, 
and  another  director  with  the  negative  conduc- 
tor, or  infulated  cufhion,  then  place  the  end  of 
the  directors  at  the  extremities  of  the  part,  and 
turn  the  cylinder,  the  fluid  will  pafs  through 
the  part  from  one  director  to  the  other. 

To  throw  the  fluid  on  any  part  of  the  body, 
connect  the  director  with  the  pofitive  conduc- 
tor, turn  the  cylinder,  and  then  prefent  the 
brafs  end  of  the  director  towards  the  patient, 
and  the  fluid  will  pafs  between  the  ball  and  the 
patient.    Or  you  may  infulate  the  patient,  and 
then  draw  the  communicated  electricity  from 
him  by  the  directors.    In  this  cafe,  a  wire  fhould 
pafs  from  the  brafs  part  of  the  director  to  the 
ground,  or  to  the  hand  of  the  operator.  In 
either  of  thefe  cafes,  the  quantity  of  the  fluid 
and  its  mode  of  action  may  be  varied,  by 
making  the  fluid  pafs  through  points  or  balls 
of  metal  or  of  wood,    or  by  covering  the 
{km  with   flannel  ;    whenever   the  flefh-brufh 
is  advifed,  it  is  highly  probable  that  covering 
the  affected  part  with  flannel,  and  then  rubbing 
it  with  the  ball  of  a  director,  connected  with 
the  machine,   would  have  a  iuperior  effect. 

T  3  The 


278  AN  ESSAY 


The  refinance  to  the  fluid's  motion  may  be  va- 
ried by  increafing  the  thicknefs  of  the  cover* 
ing,  or  the  nature  of  the  fubftance  through 
which  it  is  to  pafs. 

Some  peculiar  effects  have  taken  place  from 
the  application  of  the  interrupted  fpark  ;  that  is, 
a  fpark  received  from  a  fecond  conductor, 
placed  within  the  ftriking  diftance  of  the  prime 
conductor.  It  is  not  improbable,  that  in  this 
cafe  the  condenfation  and  expanfion  of  the 
fpark  may  be  more  rapid  than  when  it  is  re- 
ceived from  the  prime  conductor  alone.  The 
director,  when  the  interrupted  fpark  is  required, 
fhould  be  connected  with  the  fecond  conductor, 
and  then  ufed  as  in  other  cafes, 

Fig.  87  reprefents  an  univerfal  difcharger 
upon  a  large  fcale,  with  a  patient  fitting  be- 
tween the  two  pillars,  one  ball  refting  at  A,  the 
other  being  placed  at  B,  The  convenienceof  this 
apparatus  is  obvious,  from  an  infpection  of  the 
figure;  for  as  the  joints  have  both  an  horizon- 
tal and  vertical  motion,  and  the  wires  pafs 
through  two  fpring  fockets,  they  may  therefore 
be  placed  in  any  direction,  and  the  balls  fixed 
in  any  required  fituation.  Hence,  by  connect-, 
ing  one  wire  with  a  pofitive  conductor,  and  the 
other  with  a  negative  one,  or  one  with  the  bot- 
tom of  a  Leyden  bottle,  and  the  other  with 
the  electrometer  ;  the  fliock  or  ftream  may  be 

con- 
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conveyed  to  any  part,  with  the  greater!  facility. 
It  is  alfo  evident,  that  a  perfon  may,  by  means 
of  the  two  joints  of  this  fimple  apparatus, 
electrify  himfelf  with  eafe,  (or  any  patient,  con- 
veniently) without  the  affiftance  of  any  other 
perfon  ;  that  is,  he  may  turn  the  machine  with 
one  hand,  while  he  is  receiving  the  fluid,  or 
the  fliock,  by  means  of  this  univerfal  dif- 
charger.  But  this  may  alfo  be  readily  effected, 
by  fattening  a  wire  to  one  of  the  conductors, 
and  pinning  the  other  end  of  it  to  one  extremity 
of  the  part  through  which  you  intend  to  pals 
the  fhock,  or  convey  the  fluid  ;  then  connect  a 
director  with  the  other  conductor,  and  hold  it 
to  the  other  extremity  of  the  part.  If  the  iitu- 
ation  is  fuch  as  to.  occafion  the  wires  to  touch 
the  table,  pafs  a  fmall  glafs  tube  over  them, 
which  will  prevent  a  diflipation  of  the  fire. 

L  and  M,  fig.  84,  reprefent  glafs  tubes, 
through  which  fmall  wires  are  made  to  pals, 
to  convey  the  fluid  directly  to  the  ear  or 
throat. 

Fig.  88  reprefents  another  glafs  tube,  of  a 
larger  fize,  the  end  of  which  is  capillary  ;  a 
fmall  quantity  of  rofe-water,  or  any  other  fluid, 
is  to  be  poured  into  this  tube,  then  con- 
nect it  with  the  prime  conductor  by  a  wire ; 
turn  the  cylinder,  and  a  fubdivided,  gentle, 
»  T  4  and 
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and  refreshing  flream  of  this  fluid  may  be 
thrown  on  the  patient. 

It  is  in  all  cafes  moft  advifeable  to  begin  with 
the  more  gentle  operations,  and  proceed  gra- 
dually to  increafe  the  force,  as  the  ftrength  and 
conftitution  of  the  patient,  or  the  nature  of 
the  diforder  requires.  The  flream  from  a  wood- 
en point,  a  wooden  ball,  or  brafs  point,  may 
be  firfr.  ufed  ;  fparks,  if  neceflary,  may  then  be 
taken,  or  fmall  fhocks  given. 

In  rheumatic  cafes,  the  electric  friction  is 
generally  ufed.  If  the  pains  are  local,  fmali 
fliocks  may  be  given.  To  relieve  the  tooth-ach. 
Very  fmall  fliocks  may  be  paflfed  through  the 
tooth  ;  or,  cover  the  part  affected  with  flannel, 
and  rub  it  with  a  director,  communicating  with 
the  machine. 

In  inflammations,  and  other  diforders  of  the 
eyes,  the  fluid  fliould  be  thrown  from  a  wood- 
en point  :  the  fenfation  here  produced,  is  that 
of  a  gentle  cooling  wind ;  but,  at  the  fame 
time,  it  generates  a  genial  warmth  in  the  part 
affected. 

In  palfies,  the  electric  friction  and  fmall 
ihocks  are  adminiftered.  Streams  of  the  fluid 
fliould  always  be  made  to  pals  through  the 
affected  part. 

The  only  Treatife  we  have  yet  had  from  the 
Faculty,  on  the  fubjeel:  of  Medical  Electricity, 

is 
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is  a  pamphlet  intitled,  <f  Confiderations  on  the 
Efficacy  of  Electricity  in  removing  Female  Ob- 
ftructions,"  by  Mr.  Birch ;  to  whom  I  am  in- 
debted for  a  variety  of  important  obfervations 
and  practical  remarks  on  the  different  branches 
of  electricity  ;  and  if  its  merits  were  to  be  con- 
fined to  this  difeafe  alone,  (in  which  it  may  be 
reckoned  a  fpecific)  it  would  be  entitled  to  the 
attention  of  practitioners ;  but  we  have  reafon  to 
expec~b  much  more  from  it,  lince  the  prejudices 
of  the  Faculty  feem  removed,  and  the  practice 
^5  becoming  more  general  every  day. 
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CHAP.  XVI. 

Mifcellaneous  Experiments  and  Obfervations. 

THE  diipute  concerning  the  preferable 
utility  of  pointed  or  knobbed  conductors, 
for  fecuring  buildings  (rom  lightening,  occafi- 
oned  the  fetting  up  a  more  magnificent  appara- 
tus than  had  ever  appeared  before^  An  immenfe 
conductor  was  conftructed,  at  the  expence  of 
the  Board  of  Ordnance,  and  fufpended  in  the 
Pantheon,  under  the  direction  of  Mr.  Wilfon. 
It  eonfifted  of  a  great  number  of,  drums,  cover- 
ed with  tin-foil,  which  formed  a  cylinder  of 
about  155  feet  in  length,  and  more  than  16 
inches  in  diameter  ;  and  to  this  vail  conductor 
was  occalionally  added  4800  yards  of  wire. 
The  electric  blaft  from  this  machine  fired  gun- 
powder in  the  moft  unfavourable  circumftan- 
ces,  namely,  when  it  was  drawn  off  by  a  marp 
point.  The  method  of  doing  it  was  as  fol- 
lows :  upon  a  ftaff  of  baked  wood  a  ftem  of 
brafs  was  fixed,  which  terminated  in  an  iron 
point  at  the  top;  this  point  was  put  into  the 
end  of  a  fmall  tube  of  India-paper,  made  fome-. 
what  in  the  form  of  a  cartridge,  about  an  inch 
and  a  quarter  long,  and  two  tenths  of  an  inch 

in 
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m  diameter,  when  the  cartridge  was  filled 
with  common  gunpowder  unbruifed ;  a  wire, 
communicating  with  the  earth,  was  then  faf- 
tened  to  the  bottom  of  the  brafs  Item.  The 
charge  of  the  great  cylinder  being  continually 
kept  up  by  the  motion  of  the  wheel,  the  top 
of  the  cartridge  was  brought  very  near  the 
drums,  fo  that  it  frequently  touched  the  tin- 
foil with  which  they  were  covered.  In  this  fitu- 
ation,  a  fmall,  faint,  luminous  ftream  was 
frequently  obferved  between  the  top  of  the  car- 
tridge and  the  metal.  Sometimes  this  ftream 
would  fet  fire  to  the  gunpowder  the  moment  it 
was  applied,  at  others,  it  would  require  half  a 
minute  or  more  before  it  took  effect.  This  dif-r 
ference  in  time  was  fuppofed  to  be  owing  to 
fome  fmall  degree  of  moifture  in  the  powder, 
or  the  paper. 

Gun-powder  may  alfo  be  fired  by  a  ftream 
from  a  large  charged  Ley  den  jar,  in  the  fol- 
lowing- manner  ; 

Experiment  CCV. 

Fix  a  fmall  cartridge.,  on  a  metallic  point, 
which  is  fitted  to  a  wooden  or  glafs  handle  ; 
make  a  communication  from  the  wire  to  the 
ground,  then  prefent  the  cartridge  to  the  knob 

of 
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of  the  phial,  and  the  gun-powder  will  be  fired 
by  the  paflage  of  the  electric  ftream  through 
the  cartridge.  Tinder,  or  touch-wood,  placed 
in  a  metal  cup,  may  be  lighted,  by  paffing 
the  flream  from  the  infidc  of  the  jar  through 
them,  as  in  the  foregoing  experiment,  without 
compleating  the  circuit. 

As  it  therefore  appears,  that  the  electric  fluid, 
when  it  moves  through  bodies,  either  with  great 
rapidity,  or  in  great  quantities,  will  fet  them 
on  fire,  it  is  fcarce  difputable,  that  this  fluid  is 
the  fame  with  the  element  of  fire, 

V 

I 

Experiment     GC  VI-., 

To  fire  the  fmall  electrical  cannon,  charge  it} 
with  gun-powder  in  the  ufual  manner,  then 
fill  the  ivory  touch-hole  with  gun-powder, 
ram  it  well  down,  andpulh  thebrafs  pin  down.* 
fo  that  the  end  of  it  may  be  near  the  bottom  of 
the  hole ;  make  a  communication  between  the 
outfide  of  a  large  charged  jar  or  battery  and 
the  body  of  the  cannon,  by  placing  one  end  of 
the  difcharging  rod  on  the  pin  which  paffes, 
down  the  touch-hole,  and  bring  the  other  end 
to  the  knob  of  the  jar,  and  the  difcharge  wili 
fire  the  powder. 

Ex- 
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1 

Experiment  CCVII. 


Fig.  89  Is  a  pevfpective  view  of  the  powder- 
Louie ;  the  fide  of  the  roof  next  the  eye  being 
omitted,  that  the  infide  may  be  more  conveni- 
ently feen.  The  front  of  this  model  is  fitted 
up  like  the  thunder-houfe,  and  is  ufed  in  the 
fame  manner  ;  the  fides  of  the  houfe,  the  back, 
and  fore-front,  are  joined  to  the  bottom  by 
hinges ;  the  roof  is  divided  into  two  parts^ 
which  are  alfo  faflened  by  hinges  to  the  fides  5 
the  building  is  kept  together  by  a  ridge  011  the 
roof  ;  when  the  roof  is  blown  up,  it  will  fall 
down  with  the  fides,  the  back,  and  fore-front. 
To  life  this  model,  fill  the  fmall  tube  a  with, 
gun-powder,  and  ram  the  wire  c  a  fmall  way  in 
the  tube,  then  connect  the  hook  e  with  the  bot- 
tom of  a  large  jar  or  battery  ;  when  the  jar  is 
charged-,  form  a  communication  from  the  hook 
d  to  the  top  of  the  jar  ;  the  difchargc  will  fire 
the  powder,  and  the  explofion  of  the  gun-pow- 
der will  throw  off  the  roof,  and  the  fides,  the 
fore  and  back  fronts  will  then  all  fall  down. 

Fig.  90  reprefents  a  wooden  pyramid,  de- 
figned  to  {hew  the  experiments  which  are  made 
with  the  thunder-houfe,  and  is  ufed  in  the 
fame  manner.    When  the  piece  a  is  thrown 

out 
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out  by  tfie  difchargCj  the  upper  part  of  the 
pyramid  falls  down. 

Experiment  CCVIII. 

Fix  the  ladle  t,  fig.  33*  into  the  hole  at  the1 
end  of  the  conductor,  place  a  fmall  piece  of 
camphor  in  the  ladle,  fet  the  camphor  on  fire, 
and  then  put  the  machine  in  action  ;  the 
Camphor  will  throw  out  a  variety  of  fmall 
ihoots,  and  have  the  appearance  of  an  imperfect 
vegetation. 

Experiment  CCIX. 

Wrap  ionic  Ioofe  cotton,  which  has  been  prc-*~ 
vioufly  rolled  in  fine  powder  of  yellow  refiu^ 
round  one  of  the  balls  of  a  difcharging  rod, 
and  hold  the  other  end  to  the  outer  coating  of 
a  charged  jar  ;  then  bring  tvhe  knob  with  the 
refin  towards  the  ball  of  the  jar,  and  the  ex- 
plofion  will  fire  the  refin,  and  this  will  com- 
municate the  flame  to  the  cotton . 

Fig*  9 1  reprefents  the  inflammable  air  lamp, 
invented  by  Mr.  Volta.  A  is  a  glafs  globe  to 
contain  the  inflammable  air,  B  a  glafs  baibn,  or 
refervoir,  to  hold  water  ;  D  is  a  cock,  which  is 
to  form  occafionally  a  communication  between. 

the 
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the  refervoir  of  water  B,.  and  that  of  air  A  ; 
the  water  pafles  into  the  latter  through  the  me- 
tal pipe  ggi  which  is  fixed  to  the  upper  part 
of  the  refervoir  A  :  s  is  a  lmall  cock,  to  cut  off, 
or  open  a  communication  with,  the  air  in  the 
ball,  and  the  jet  K«  N  is  a  fmall  pipe  to  hold 
a  piece  of  wax  taper,  L  a  brafs  pillar,  on  the 
top  of  which  is  a  brafs  ball  ;  a  is  a  pillar  of 
glafs,  furniihed  at  top  with  a  locket ;  a  wire  b 
Hides  in  this  focket,  a  ball  is  fere  wed  on  to  the 
end  of  the  wire.  F  h  a  cock,  by  which  the 
ball  A  is  filled  with  inflammable  air,  and  which 
afterwards  ferves  to  confine  the  air  and  the 
water  that  falls  from  the  bafon  B  into  the 
ball  A. 

■  To  ufe  this  inltrument,  after  having  filled? 
the  refervoir  A  with  pure  inflammable  air,  and 
the  bafon  B  with  water,  turn  the  cocks  D  and 
S,  and  the  watef  which  falls  from  the  baion  B; 
will  force  out  fome  of  the  inflammable  air,  and 
caufe  it  to  pafs  through  the  jet  K  into  the  air. 
If  an  electric  fpark  is  made  to  pafs  from  the 
brafs  ball  m  to  the  brafs  ball  ;;,  the  inflammable 
jet,  which  paiTes  through  the  pipe  K,  will  be 
fired.  To  cxtinguilh  the  lamp,  mut  firft  the 
cock  S,  and  then  the  cock  D. 

To  fill  the  refervoir  Aa  with  inflammable  air, 
which  is  to  be  made  in  the  ufual  manner,  and 
with  the  ufual  apparatus,   having  previoufly' 

filled 
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filled  A  with  water,  place  the  foot  R.  under 
water,  on  a  board  or  ftool  in  a  large  tub  of 
water,  that  the  bent  glafs  tube,  through  which 
the  inflammable  air  paries,  may  pafs  commodi- 
oufly  under  the  foot  of  the  lamp  ;  when  the 
air  has  nearly  driven  out  all  the  water,  turn  the 
cock  F,  arrd  the  apparatus  is  ready  for  ufe* 
This  inftrument  is  Convenient  to  prcferve  a 
quantity  of  inflammable  air  ready  for  any  occa- 
sional experiment,  as  charging  the  inflam- 
mable air  piftol,  &c.  It  is  alfo  convenient  to 
light  a  candle  for  ceconomical  purpofes,  as  the 
fmaU'eft  fpark  from  an  eleclrophorous,  or  a: 
frnall  bottle,  is  fufficient  to  fire  the  air; 

A  fmall  battery  of  inflammable  air  piftols  is 
occasionally  made,  that  affords  confiderable 
amufement ;  as  either  one  piftol,  or  the  wholcr 
together,  may  be  fired  at  the  pleafure  of  the 
operator. 

The  following  experiment  was' made  by  Mr.' 
Kinnerfly  with  his  electrical  thermometer,- 
which  is  defcribed  in  page  33  of  this  EfTay. 

Experiment  CCX. 

Having  put  fome  tinged  water  into  the  larg6' 
tube,  he  placed  the  two  wires  within  the  tube* 
in  contact,  and  pafled  a  large  charge  of  ek<^ 

tricky 
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tricky  from  above  thirty  fquare  feet  of  coated 
glafs,  which  produced  no  rarefaction  in  the 
air,  and  fhewed  that  the  wires  were  not  heated 
by  the  fire  paffing  through  them.    When  the 
wires  were  about  two  inches  alunder,  the  charge 
of  a  three-pint  bottle,  darting  from  one  to  the 
other,   rarefied  the  air  very  evidently.  The 
charge  of  a  jar,  which  contained  about  five  gal- 
lons and  a  half,  darting  from  wire  to  wire, 
occafioned  a  very  confiderable  expanfion  in  the 
air ;  and  the  charge  of  a  battery  of  thirty  fquare 
feet  of  coated  glafs,  would  raife  the  water  in 
the  fmall  tube  quite  to  the  top  :  upon  the  co- 
alefcing  of  the  air,  the  column  of  water  inflantly 
iubfided,  till  it  was  in  equilibrio  with  the  rare- 
fied air ;  then  gradually  defcending  as  the  air 
cooled,   fettled    where  it  flood  before.  By 
carefully  obferving  at  what  height  the  defcend- 
ing water  firfl  flopped,  the  degree  of  rarefaction* 
inight  be  eafily  difcoveted. 

Experiment  CCXI. 

Take  a  glafs  tube,  about  four  inches  fdrig, 
one  quarter  of  an  inch  in  diameter,  and  opei> 
at  both  ends ;  moiflen  the  infide  of  the  tube 
with  oil  of  tartar  per  deliqurum,  then  fix  two 
pieces  of  cork  into  the  ends  of  the  tube,  and 
pals  a  wire  through  each  cork,  lb  that  the  ends 

U  of 
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of  the  wires,  which  are  within  the  tube,  may 
be  about  three  quarters  of  an  inch  afunder* 
Connect  one  wire  with  the  outfide  coating  of  a 
large  jar,  and  form  a  communication  from  the 
other  to  the  ball  of  the  jar,  fo  as  to  pafs  the 
difcharge  through  the  tube  ;  repeat  this  feveral 
times,  and  the  oil  of  tartar  will  very  often  give 
manifeft  figns  of  cryflalization.  P 

Experiment  CCXII. 

Charge  a  Leyden  phial,  (the  top  of  which 
is  cemented  into  the  bottle)  place  it  upon  an 
infulated  ftand,  and  then  take  hold  of  it  by  the 
ball,  and  prefent  the  coated  furface  towards  the 
condenfing  ball  of  a  prime  conductor  while  the 
cylinder  is  charging,  and  a  large  brum  and 
fpark  will  pafs  between  the  coating  of  the  bot- 
tle and  the  ball  of  the  conductor,  from  four  to 
twelve  inches  and  upwards  in  length. 

Experiment  CCXIIIt- 

Take  fome  of  the  powder  of  Canton's  phof- 
phorus,  and  by  means  of  a  little  fpirit  of  wine, 
flick  it  all  over  the  infide  of  a  clean  glafs  phial, 
then  flop  the  bottle,  and  keep  it  from  the 

)-V\  light. 

«  Cavallo  on  Medical  Electricity,   p.  117. 
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light.  To  illuminate  this  phofphorous,  draw 
feveral  ftrong  fparks  from  the  conductor,  keep- 
ing the  phhl  about  two  or  three  inches  from 
the  fparks,  fo  that  it  may  be  expofed  to  their 
light ;  the  phial  will  afterwards  appear  lumi- 
nous, and  remain  fb  for  a  confiderable  time. 


Experiment     CCXI V. 

Difchafge  a  jar  over  a  thin  piece  of  wood.? 
which  is  cut  in  the  lhape  of  a  crefcertt,  and 
covered  with  this  phofphorus,  and  the  cref- 
cent  will  be  luminous  in  the  darki 

Place  a  fmall  key  on  the  phofphorus,  and 
difcharge  a  Leyden  phial  over  the  phofpho- 
rus, and  then  throw  the  key  off  from  it,  and 
when  it  is  exhibited  in  the  dark,  the  form  of 
the  key  and  all  its  wards  will  be  perfectly 
feen. 

As  the  experiments  on  phofphoriis  are  in 
themfelves  exceedingly  curious,  and  appear  td 
me  to  be  intimately  connected  with  the  nature 
of  electricity,  I  hope  I  fhall  not  be  thought  to 
have  deviated  too  far  from' the  fubject  of  this 
effay  by  introducing  fo'me  experiments  of  Mr.- 
Wilfon  on  this  fubject ;  the  more  fo,  as  the 
producing  the  prifmatic  colours  is  by  no  means 
difficult,  as  little  more  is  required  than  a  few 

U  2  cy flier-* 
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©yfter-fhclls,  and  a  good  fire  of  any  kind.  For, 
it  thofc  fliells  are  thrown  carelefsly  into  the 
middle  of  the  fire,  and  continued  there  for  a 
proper  time,  (which  may  be  from  ten  minutes, 
a  quarter,  half,  or  three  quarters  of  an  hour, 
to  one,  two,  or  three  hours,  according  to  the 
thicknefs  and  compaftnefs  of  the  fliells,  and  the 
degree  of  fire  they  are  expofed  to)  they  will 
exhibit  lively  prifmatie  colours,  after  they  arc 
removed  from  the  fun  into  the  dark  fuddenly, 
and  the  eyes  have  been  previoufly  prepared  a 
little  to  receive  them.  Mr.  Wilfon  excited  alio 
the  light  of  thefe  {hells  with  electricity,  in  the 
•following  manner. 

£x  periment  CCXV. 

He  placed  upon  a  metal  ftand,  which  was 
rounded  at  top,  and  about  half  an  inch  in  dia- 
meter, a  prepared  fhcll,  that  would  exhibit 
the  prifmatie  colours  very  lively  ;  on  the  upper 
furface  of  this  {hell,  and  near  the  middle,  where 
the  colour-making  parts  predominated,  he 
brought  the  end  of  a  metal  rod,  and  then  con- 
nected the  two  metals  properly  with  the  coat- 
ings of  a  charged  phial,  in  order  to  difcharge 
the  fluid.  In  this  circuit  there  was  left,  de- 
signedly, an  interval  of  about  three  inches,  un- 
occupied by  metal,  and  next  one  fide  of  tlve 

glals j. 
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glafs  ;  the  difchargc  was  made  by  complcating 
the  circuit  with  metal  where  the  interval  was 
left.  The  fhell,  at  that  inftant,  was  lighted  up 
to  an  exceeding  great  advantage,  fo  that  all 
the  colours  appeared  perfectly  diftincl:,  and  in 
their  refpeftive  places,  anfwering  to  their  differ- 
ent colour-making  parts.  Thefe  colours  con- 
tinued vifible  feveral  minutes,  and  when  they 
ceafed  to  appear,  a  white  purplifh  light  occu- 
pied their  places,  which  lafted  for  a  confiderable 
time.  And  notwithftanding  this  experiment 
was  repeated  with  the  fame  and  other  fhells, 
the  colours  continued  in  their  refpective  places, 
and  nearly  of  the  fame  degree  of  brilliancy ; 
excepting,  that  in  or  near  thole  parts  where 
the  exploflon  took  place  a  few  fcales  were  dri- 
ven off. 


Experiment  CCXVI. 


Which  proves,  that  bodies  of  the  fame  na- 
ture, but  of  different  volumes  and  different 
mafles,  are  charged  with  electrical  matter  only 
in  proportion  to  their  furface,  without  any  in- 
fluence or  concurrence  of  their  mafTes  in  this 
cafe. 

The  following  experiment,  which  we  fhall 
give  in  Mr.  Achard's  own  words,  fecms  to  de- 
ll 3  cide 
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cide  this  queftion,  on  which  philofophers  have 
entertained  very  different  opinions. 

I  electrified  (fays  he)  a  cylindrical,  hollow 
brafs  conductor,  feven  inches  long,  and  one 
and  a  half  in  diameter  :  when  it  had  acquired 
forty  degrees  of  electricity,  I  drew  from  it  a 
fpark,  with  a  conductor  of  hollow  brafs,  of 
feven  inches  long,  and  one  and  a  half  diameter, 
which  weighed  eight  ounces,  and  was  carefully 
infulated.    The  firft  conductor  loft  fifteen  de- 
grees of  its  electricity.     I  repeated  the  fame 
experiment,  when  the  conductor  had  thirty  de- 
grees of  electricity,  and  then  it  loft  ten  degrees. 
Finally,  when  the  conductor  had  twenty  de- 
grees of  electricity,  it  loft  only  feven  by  its  in- 
ftantaneous  contact  with  the  fame  cylinder. 
After  having  filled  this  cylinder  with  lead, 
which  produced  an  addition  of  five  pounds  to  its 
weight,  and  confequently  to  its  mafs,  I  repeated 
the  fame  experiments,  and  obtained  from  them 
the  very  fame  refults. 

This  is  followed  by  other  experiments,  which 
are  a  farther  confirmation  of  Mir,  Achard's 
opinion. 

Thefe  experiments  Ihew,  ift.  That  bodies 
pf  an  equal  furface,  but  different  in  mafs, 
when  they  are  placed  in  the  fame  circumftances, 
are  charged  with  an  equal  quantity  of  electri- 
cal matter;  and  2dly,  That  bodies  equal  in 

mafs. 
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mafs,  but  different  in  extent  of  furface,  when 
they  are  placed  in  fimilar  circumftanccs,  are 
charged  with  an  unequal  quantity  of  electrical 
matter,  and  that  the  body,  whofe  furface  is  lar- 
ger, receives  more  than  that  whofe  furface  is 
lefs.  Therefore,  it  is  in  proportion  to  their 
furfaces,  and  not  to  their  mafs,  that  bodies  are 
charged  with  a  greater  or  lefs  quantity  of  the 
electrical  fluid. 

Before  thefe  experiments  were  made  it  had 
been  obferved,  that  the  extreme  fubtilty,  and, 
in  molt  cafes,  inviiibility  of  the  electric  fluid, 
render  all  reafgning  about  its  motion  precarious. 
It  is  however  incredible,  that  this  fluid  fhould 
pafs  through  the  very  fubftance  of  metallic  bo- 
dies, and  not  be  retarded  by  their  folid  parti- 
cles, In  thofe  cafes,  where  the  folid  parts  of 
metals  are  evidently  penetrated,  i.  e,  when 
wires  are  exploded,  there  is  q  manifeft  refin- 
ance, for  the  parts  of  the  wire  are  fcattered 
about  with  violence  in  all  directions. 

The  like  happened  in  Dr.  Pricftley's  circles, 
made  on  fmooth  pieces  of  metal.  Part  of  the 
metal  was  alfo.  difperfed  and  thrown  off,  for  the 
circular  fpots  were  compofed  of  little  cavities. 
If  therefore  the  fluid  was  difperfed  throughout 
the  fubftance,  and  not  over  the  furface  of  the 
metal*  it  is  plain,  that  a  wire,  whole  diameter 
is  equal  to  one  of  thofe  circular  fpots,  ought 

U  4  alfo 
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al'fo  to  have  been  deftroyed  by  an  explofion  of 
e.qunl  ftrength  fent  through  it ;  whereas,  a  wire, 
'whofr  diameter  is  equal  to  one  of  thole  fpots, 
would  without  injury  conduct  a  Ihock  much 
greater  than  any  battery  hitherto  conftructecf 
could  give.  It  is  moft  probable,  therefore, 
that  though  violent  flafhes  of  electricity,  which 
aft  alfo  as  fire,  will  enter  into  the  fubftance  of 
tpetals  and  confume  them,  yet  it  immediately 
difperfes  itfelf  over  their  furface,  without  en- 
tering their  fubftance  any  more,  till  being  for- 
ced to  collect  itfelf '  into  a  narrow  compafs,  it 
again  acts  as  fire. 

In  many  cafes  the  electric  fluid  will  be  con- 
ducted very  well  by  metals  reduced  to  a  mere 
furface.  A  piece  of  white  paper  will  not  con- 
duct a  {bock,  without  being  torn  to  pieces,  as 
it  is  an  electric  fubftance  ;  but  a  line  drawn  on 
it  with  a  black  lead  pencil,  will  fafely  convey 
the  charge  of  feveral  jars.  It  is  impoffible  we 
can  think,  that  the  fire  here  pafTes  through  the 
fubftance  of  the  black  lead  ftroke,  it  muft  run 
over  its  furface  ;  and  if  we  confider  fome  of 
the  properties  of  metals  we  mall  find,  that  there 
is  great  reafon  to  fuppofe  that  their  conducting 
power  lies  at  their  furface. 

Fig.  92  reprefents  a  fmall  glafs  tube,  flopped 
at  one  end  with  a  piece  of  cork  ;  k  is  a  wire 
which  pafTes  through  a  piece  of  cork,  fitted  into 

the 
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the  other  end  of  the  tube,  the  upper  part  of 
the  wire  is  furnifhed  with  a  brafs  ball,  the  cn4 
of  the  wire  within  the  tube  is  bent  at  right  an- 
gles to  the  reft  of  the  wire, 

Experiment  CCXVII. 

Take  out  the  upper  cork  and  wire,  pour 
fome  fallad  oil  into  the  tube,  and  then  fit  in 
the  cork,  and  pufli  down  the  wire,  fo  that 
the  end  of  it  may  be  near  or  rather 
below  the  furface  of  the  oil  ;  prefent  the 
ball  towards  a  prime  conductor,  holding  the 
finger  or  any  other  non-conductor  oppoiite  the 
bent  end  of  the  wire,  and  when  a  fpark  patTes 
from  the  conductor  to  the  brafs  ball,  another 
will  pafs  from  the  end  of  the  wire,  and  perfo- 
rate the  glafs,  the  oil  will  be  curioufly  agita- 
ted. 

This  experiment  appears  more  beautiful 
when  it  is  made  in  the  dark.  After  the  firit 
hole  is  made,  turn  the  end  of  the  wire  round 
towards  another  part  of  the  glafs  tube,  and  a 
fccond  hole  may  be  made  in  the  fame  manner. 
This  experiment  was  communicated  to  me  by 
the  Rev.  Mr.  Morgan,  of  Norwich,  who  has 
carried  it  much  farther,  by  filling  fmall  bottles 
with  cement,  and  then  pairing  the  fhock  in  a 

fimilar 
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mniks  mode  through  them.  The  perforation 
may  be  made  with  water  in  the  tube  inftcad 
of  oil. 

Mr.  Lullen  produced  very  considerable  effects- 
by  palling  the  fhock  through  wires  that  were 
inferred  in  tubes  filled  with  oil.  The  fpark 
appears  larger  in  its  paffage  through  oil,  than 
when  it  pafTes  through  water. 

Mr.  Vilette  filled  a  dim  of  metal;  with  oil, 
and  when  he  had  electrified  thedilh,  he  plunged 
a  needle  into  the  oil,  and  received  a  very  ftrong 
fpark  as  foon  as  the  point  of  it  came  within  a 
final!  diftance  of  the  difh.  A  fmall  cork  ball 
being  made  to  fwim  in  this  oil,  upon  the  ap- 
proach of  the  thick  end  of  the  flalk  of  a  lime, 
it  plunged  to  the  bottom,  and  immediately  rofe 
up  again. 

Analogous  to  this  experiment  of  Mr.  Mor- 
gan are  fome  obfervations  of  Dr.  Prieftley, 
who  conftantly  found,  that  whenever  he  had 
covered  the  fractured  place  of  a  jar  with  any 
kind  of  cement  or  varnifh,  it  always  broke  at 
the  place  where  the  cement  terminated  ;  there 
the  glafs  was  perforated,  and  a  new  fracture 
was  made,  which  had  no  communication  with 
the  former.  The  jar  always  broke  at  the  fir  ft 
charge,  generally  before  it  had  received  half 
its  charge.  Struck  with  this  phecnomenon,  the 
Bottor  proceeded  to  try  the  experiment  on 
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a  jar  which  was  not  broke,  and  whofe  ftrength 
he  had  previoully  afcertaincd  by  repeated  dis- 
charges :  he  took  off  a  little  of  the  outfide 
coating,  and  put  on  the  glafs  a  patch  of  ce- 
ment, about  an  inch  in  diameter,  then  drawing 
the  coating  over  it,  he  charged  the  jar,  but 
before  it  had  received  half  its  charge,  it  burft 
by  a  Spontaneous  explofion,  not  indeed  at  the 
termination,  but  at  the  middle  of  the  patch  of 
cement,  where  the  glafs  was  thinneft.  He  co- 
vered another  entirely  with  cement,  and  it 
broke  near  the  bottom,  where  the  glafs  is  ge- 
nerally thicker!.  A  jar  that  was  covered  eiir 
tirely  both  infide  and  outfide  with  cement,  and 
then  coated  with  tin-foil,  burft  at  the  very  firft 
attempt  to  charge  it. 

Experiment  CCXVIII. 

The  magic  picture  is  a  coated  pane  of  glafs, 
proper  to  anfwer  the  purpofe  of  the  Leyden 

*  *  *  * 

experiment ;  over  the  coating  on  one  fide  is 
pafted  a  picture,  011  the  other  fide  a  piece  of 
white  paper  is  pafted^  fo  as  to  cover  the  whole 
glafs ;  it  is  then  put  into  a  frame,  with  the 
pieture  uppermoft,  and  a  communication  1% 
formed  from  the  tin-foil  of  the  under  fide  tcv 
the  bottom  rail  of  the  frame  of  the  picture, 
which  rail  is  covered  with  tin-foil, 

Lay 
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bay-  the  picture*  on  the  table,  with  the  print 
uppermoft,  and  a  piece  of  money  on  it,  let  a 
chain  fall  from  the  conductor  to  the  print, 
turn  the  cylinder,  and  the  plate  of  glafs  wilt 
foon.  be  charged  ;  now  take  hold  of  the  picture 
by  the  top  rail,  and  kt  anoehec  perfon  take 
hold  of  the  bottom  rail  and  endeavour,  to  take 
off  the  piece  of  money,  in  doing  this  they  will 
receive  a  fhock,  and  generally  fail  in  the  at- 
tempt. 

Experiment  CCXIX- 

Put  a  quantity  of  brafs  dud  into  a  coated? 
jar,  and  when  it  is  charged  invert  it,  and  throw 
feme  of  the  duft  out,  which  will  be  fpread  in  aa 
equable  and  uniform  manner  on  any  flat  furface,. 
and  fall  jtift  like  rain  or  fnow.  May  it  not  be 
queftioned,  fays  an  ingenious  writer,  whether 
water,  falling  from  the  highefl  region  of  the 
clouded  atmofphere,  would  not  meet  the  earth 
in  much  larger  drops,  or  in  cataracts,  if  the 
coalefcing  power  of  the  drops,  was  not  counter-r 
acted  by  their  electric  atmofpheres  .3 

Experiment  CCXX. 

Place  a  piece  of  fmoaking  wax-taper  on  the 
prime  conductor,  turn  the  cylinder,  the  vpr 

lume 
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lume  of  fmoak  will  become  more  contracted, 
and  its  motion  upward  accelerated.  Take  off 
the  electricity  of  the  conductor,,  and  fufpend  a 
-pair  of  pith  balls  over  k,  and  about  five  feet 
diftance  from  it,  turn  the  machine,  and  in  a 
few  feconds  the  balls  will  open  half  an  inch  ; 
remove  the  taper,  and  the  balls  will  not  £e- 
parate. 

This  experiment,  therefore,  clearly  evinces, 
*hat  fmoke  is  a  conductor  of  electricity* 

Experiment  CCXXL 

Take  around  board,  well  varrtifhed,  and  lay 
Ton  it  a  chain  in  a  fpiral  form,  let  the  inte.rk>r 
-end  of  tke  chain  pafs  through  the  board,  and 
connect  it  with  the  coating  of  a  large  jar  ;  £x 
the  exterior  end  to  a  difchargmg  rod,  and  tlica 
difcharge  the  jar  ;  a  beautiful  fpark  will  be 
feen  at  every  link  of  the  chain.  The  illumina- 
tions to  be  produced  by  a  chain  are  capable  of 
an  infinite  variety  of  modifications. 

Experiment  CCXXIL 

Place  fpots  of  tin-foil,  at  equal  diilaflccs 
•from  each  other,  on  a  piece  of  bent  glafs,  an/i 
let  the  ends  of  the  glafs  be  fumilhcd  with  brai-s 

bails, 
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balls,  and  a  glafs  handle  be  fixed  to  the  middle 
of  the  bent  glafs.  This  inftrument  will  ferve' 
as  a  difcharger,  and  at  the  fame  time  exhibit, 
at  each  feparation  of  the  tin -foil,  the  electric 
light. 

I  made  feveral  of  thcfe  luminous  difcharging 
rods,  many  years  fince,  in  order  to  fhew,  that 
the  electric  fluid  iffues  from  the  negative  and 
pofitive  coating  of  each  difcfrarge,  agreeable  to 
the  idea  conveyed  by  Mr.-  Atvvood's  experi- 
ments, fee  Exp,  1 1 8,  119,  120,  of  this  Eflay.' 
But  I  foon  found,  that  the  circuit  of  a  dif- 
charging rod  was  not  fufficiently  extenfive  for" 
the  purpofe. 

Experiment  CGXXIII. 

Fig.  98  reprefenrs  feveral  fpiral  tubes,  placed 
round  a  board,  a  glafs  pillar  is  fixed  to  the 
board,  and  on  this  pillar  is  cemented  a  metal 
cap,  carrying  a  fmall  fteel  point ;  a  brais  wire,- 
furniflied  .with  a  ball  at  each  end,  and  nicely 
balanced^  is  placed  on  this  point :  place  the 
middle  of  this  wire  under  a  ball  proceeding 
from  the  conductor,  fo  that  it  may  receive 
a  continued  fpark  from  the  ball,  then  give  the 
wire  a  rotative  motion,  and  the  balls  in  revolving 
wiH  give  a  fpark  to  each  ball  of  the  fpiral  tube, 

which 


ON    ELECTRICITY.  3og 

which  will  be  communicated  from  thence  to 
the  board  ;  forming,  from  the  brilliancy  of 
the  light  and  its  rapid  motion,  a  very  pleafmg 
experiment. 

All  thefe  experiments  on  the  interrupted 
fpark  may  be  pleaiingly  and  beautifully  varied, 
and  the  fpark  made  to  appear  of  different  co- 
lours, at  the  pleafure  of  the  operator* 

Experiment     CCXXI V* 

Sufpend  a  light  cork  ball,  which  is  covered 
over  with  tin-foil  or  gold-leaf,  by  a  pretty  long 
filk  thread,  fo  as  juft  to  touch  the  knob  of  a 
charged  jar  placed  on  a  table ;  it  will  be  fir  ft 
attracted  and  then  repelled  to  fome  diftaoce, 
where,  after  a  few  vibrations,  it  will  remain 
at  reft*  If  a  lighted  candle  is  now  placed  at 
fome  diftan-ce  behind  it,  fo  that  the  flame  of 
the  candle  may  be  nearly  as  high  as  the  knob 
of  the  phial,  the  cork  will  inftantly  be  agitated, 
and,  after  fome  irregular  motions,  will  defcribe 
a  curve  round  the  knob  of  the  phial,  and  this 
it  will  continue  to  do  for  fome  time. 

Fig.  96  and  97  reprefent  an  electrometer, 
nearly  fimilar  to  that  contrived  by  Mr.  Brooke. 
The  two  inftruments  are  fometimes  combined 
in  one,  or  ufed  feparately,  as  in  thefe  figures. 
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The  arms  FH  fh,  fig.  97,  whenin'ufe,  afe 
to  be  placed  as  much  as  poffible  out  of  the  at- 
mofphere  of  a  jar,  battery,  prime  conductor, 
&c.  The  arm  F  H  and  the  ball  K  are  made 
of  copper,  and  as  light  as  poffible.  The'  divi- 
lions  on  the  arm  F  A  are  each  of  them  exactly 
a  grain.  They  are  afcertained  at  firft  by  placing 
grain  weights  on  a  brafs  ball  which  is  within 
the  ball  I,  (this  ball  is  an  exact  counterbalance 
to  the  arm  F  H  and  the  ball  K  when  the  fmalt 
ilidc  r  is  at  the  firft  diviflon)  and  then  re- 
moving the  Aide  r  till  it,  together  with  the 
ball  K,  counterbalances  the  ball  I  and  the 
weight  laid  on  it. 

A,  fig.  69,  is  a  dial-plate,  divided  into  90 
equal  parts.  The  index  of  this  plate  is  carried 
once  round  when  the  arm  B  C  has  moved 
through  90  degrees,  or  a  quarter  of  a  circle 
The  motion  is  given  to  the  index  by  the  repul- 
five  power  of  the  charge  acting  between  the 
ball  D  and  the  ball  B.* 

The  arm  B  C  being  repelled,  mews  when 
the  charge  is  increasing,  and  the  arm  F  H 
fhews  what  this  repulfive  power  is  between  two 
balls  of  this  fizc  in  grains,  according  to  thc^ 
number  the  weight  refts  at  when  lifted  up  by 
the  repulfive  power  of  the  charge  :  at  the  fame 
time  the  arm  B  C  points  out  the  number  of  de- 
grees 

*  Philofophical  Tranfaftions,  Vol.  8;,  p.  384. 
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grecs  to  which  the  ball  B  is  repelled  ;  fo  thaty 
bv  repeated  trials,  the  number  of  degrees,  art- 
fwering  to  a  given  number  of  grains,  may  be 
ascertained,  and  a  table  formed  from  thefe  ex- 
periments, by  which  means  the  electrometer, 
iig.  96,  may  be  ufed  without  that  of  fig.  97. 

Mr.  Brooke  thinks  that  no  glafs,  charged 
(as  we  call  it)  with  electricity,  will  bear  a 
greater  force,  than  that  whofe  repulftve  power-,, 
between  two  balls  of  the  fize  he  ufed,  is  equal 
to  60  grains :  that  in  very  few  inftances  it 
will  ftand  60  grains  weight  ;  and  he  thinks 
it  hazardous  to  go  more  than  45  grains, 

Hence,  by  knowing  the  quantity  of  coated 
furface,  and  the  diameter  of  the  balls,  we  may 
be  enabled  to  fay,  fo  much  coated  fus-fiee, 
with  a  repulfion,  between  balls  of  fo  many- 
grains,  will  melt  a  wire  of  fuch  a  lize,  or  kill 
fuch  an  animal,  &c. 

Mr.  Brooke  thinks,  that  he  is  not  ac- 
quainted with  all  the  advantages  of  this  elec- 
trometer ;  but  that  it  is  clear,  it  fpeaks  a 
language  which  may  be  miiverfally  underftood, 
which  no  other  will  do  ;  for  though  other  elec- 
trometers will  ihew  whether  a  charge  is  greater 
or  lefs,  by  ^n  index  being  repelled  to  greater 
or  fmaller  diftanccs,  or  by  the  charge  exploding 
at  different  diflances,  yet  the  power  of  the 
charge  is  by  no  means  afcertained  *.  but  tbia 

X  eleo 


3o6  AN  ESSAY 


electrometer  Ihews  the  force  of  the  repulfive 
power  in  grains ;  and  the  accuracy  of  the  inftru- 
ment  is  eafily  proved,  by  placing  the  weight 
&n  the  internal  ball,  and  feeing  that  they  coin- 
cide with  the  divilions  on  the  arm  FH,  when 
the  Hide  is  removed  to  them. 


Obfervations  and  Experiments  made  by  Dr. 
Priejiley  on  the  Effefts  of  Elettricity  on 
different  elajlic  Fluids^ 

% 

Experiment  CCXXV. 

To  change  the  blue  colour  of  liquors, 
tinged  with  vegetable  juices  red.  The  appa- 
ratus for  this  purpofe  is-  feen  in  fig.  94.  A  B 
is  a  glafs  tube,  about  four  or  five  inches  long, 
and  one  or  two  tenths  of  an  inch  diameter  in 
the  infide  ;  a  piece  of  wire  is  put  into  one  end 
of  the  tube,  and  fixed  there  with  cement  ;  a 
brafs  ball  is  placed  on  the  top  of  this  wire; 
the  lower  part  of  the  tube  from  a  is  to  be  filled 
with  water,  tinged  blue  with  a  piece  of  turn- 
fole  or  archal.  This  is  eafily  effected,  by  fet- 
ting  the  tube  in  a  veffel  of  the  tinged  water, 
then  placing  it  under  a  receiver  on  the  plate  of 
the  air  pump  ;  exhauft  the  receiver  in  part, 

and 
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2nd  then,  on  letting  in  the  air,  the  tinged  liquor 
Will  rile  in  the  tube,  and  the  elevation  will  be 
in  proportion  to  the  accuracy  of  the  vacuum, 
now  take  the  tube  and  veffel  from  under  the 
receiver,  and  throw  ftrong  fparks  on  the  brafs 
ball  from  the  prime  conductor. 

When  Dr.  Prieftley  made  this  experiment; 
he  perceived,  that  after  the  electric  fpark  had 
been  taken,  between  the  wire  b  and  the  liquor 
at  ay  about  a  minute,  the  upper  part  of  it  be- 
gan to  look  red ;  in  two  minutes  it  was  mani- 
feftly  fo,  and  the  red  part  did  not  readily  mix 
with  the  liquor.  If  the  tube  was  inclined  when 
the  fparks  were  taken,  the  rednefs  extended 
twice  as  far  on  the  lower  fide  as  on  the 
upper.  In  proportion  as  the  liquor  became 
ted,  it  advanced  nearer  to  the  wire,  fo  that 
the  air  in  which  the  fparks  were  taken  was  di- 
minifhed ;  the  diameter  amounted  to  about 
one  fifth  of  the  whole  fpace  ;  after  which,  a 
continuance  of  the  electrification  produced  no' 
fenfible  effect. 

To  determine^  whether  the  cau'fe  of  the 
change  of  colour  was  in  the  air,  or  in  the  elec- 
tric matter,  Dr.  Prieftley  expanded  the  air  in 
the  tube,  by  means  of  an  air  pump,  till  it  ex- 
pelled all  the  liquor,  and  admitted  frefh  blue 
liquor  in  its  place ;  but  after  this,  electricity 
produced  no  fenfible  effect  on  the  air  or  on  the' 
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liquor ;  fo  that  it  was  clear,  that  the  electric 
matter  had  decompofed  the  air,  and  made  it 
depofit  fomcthing  of  an  acid  nature.  The  re- 
mit was  the  fame  with  wires  of  different  me- 
tals. It  was  alfo  the  fame  when,  by  means  of 
a  bent  tube,  the  fpark  was  made  to  pafs  from 
the  liquor  in  one  leg,  to  the  liquor  in  the 
other.  The  air,  thus  diminifhed,  was  in  the 
higheft  degree  noxious. 

In  paffing  the  electric  fpark  through  differ- 
ent elaftic  fluids  it  appears  of  different  co- 
lours. In  fixed  air,  the  fpark  is  very  white ; 
in  inflammable  and  alkaline  air,  it  appears  of  a 
purple  or  red  colour.  From  hence  we  may  in- 
fer, that  the  conducting  power  of  thefe  airs  is 
different,  and  that  fixed  air  is  a  more  perfect' 
non-conductor  than  inflammable  air. 

The  fpark  was  not  vifible  in  air  from  a  cauf- 
tic  alkali,  made  by  Mr.  Lane,  nor  in  air 
from  fpirit  of  fait ;  fo  that  they  feem  to  be 
more  perfect  conductors  of  electricity  than  wa- 
ter, or  other  fluid  fubftances. 

The  electric  fpark,  taken  in  any  kind  of  oil, 
produces  inflammable  air.  Dr.  Prieftley  tried 
it  with  ether,  oil  of  olives,  oil  of  turpentine, 
and  effential  oil  of  mint,  taking  the  electric 
fpark  in  them  without  any  air  to  begin  with 
inflammable  air  was  produced  in  them  all. 

Dr. 
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Dr.  Prieftley  found,  that  on  taking  a  frnatl 
cledric  explofion  for  an  hour,  in  the  fpacc  of 
an  inch  of  fixed  air,  confined  in  a  glafs  tube 
one  tenth  of  an  inch  diameter,  when  water  was 
admitted  to  it,  only  one  fourth  of  the  air  was 
imbibed.  Probably  the  whole  would  have 
been  rendered  immifcible  in  water,  if  the  elec- 
trical operation  had  been  continued  a  fufficient 
time. 

The  electric  fpark,  when  taken  in  alkaline 
air,  appears  of  a  red  colour  ;  the  electric  ex- 
plosions, which  pafs  through  this  am,  increafe 
its  bulk  ;  fo  that,  by  making  about  200  ex- 
plosions in  a  quantity  of  it,  the  original  quan- 
tity will  be  fometimes  increafed  one  fourth.  If 
water  is  admitted  to  this  air,  it  will  abforb  the 
original  quantity,  and  leave  about  as  much 
elaftic  fluid  as  was  generated  by  the  electricity, 
and  this  elaftic  fluid  is  a  ftrong  inflammable 
air. 

Dr.  Prieflley  found,  that  when  the  electric 
fpark  was  taken  in  vitriolic  acid  air,  that  the 
infide  of  the  tube  in  which  it  was  confined  was 
covered  with  a  blackifli  fubftance.  He  feems 
to  think,  that  the  whole  of  the  vitriolic  acid 
air  is  convertible  into  this  black  matter,  not  by 
means  of  any  union  which  it  forms  with  the 
electric  fluid,  but  in  conjequence  of  the  cgn- 
cuflion  given  to  it  bv  the  explofion  ;  and  that, 
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if  it  be  the  calx  of  the  metal  which  fupplied 
the  phlogifton,  it  is  not  to  be  diftinguifhed 
from  what  metal,  or  indeed  from  what  fub- 
fiance  of  any  kind,  the  air  had  been  ex- 
tracted. 

Df.  Prieftley  made  150  explofions  of  a  com-, 
inon  jar  in  about  a  quarter  of  an  ounce  meafnre 
of  vitriolic  acid  air  from  copper,  by  which 
the  bulk  was  diminimed  about  one  third,  and 
the  remainder  feemingly  not  changed,  being 
all  abforbed  by  water.  In  the  courfe  of  this 
procefs,  the  air  was  carefully  transferred  three 
times  from  one  vefTel  to  another  ;  and  the  laft 
velfel,  in  which  the  explofions  were  made  in  it, 
was,  to.  all  appearance,  as  black  as  the  firft  ; 
lb  thaf  the  air  feems  tp  be  all  convertible  into 
this  black  fubftanee. 

Thinking  this  diminution  of  the  vitriolic  acid 
air  might  arife  from  its  abforption  by  the  ce- 
ment, with  which  the  glafs  tubes  employed  in 
the  laft  experiment  were  clpfed,  he  repeated  it 
with  the  air  from  quickfilver,  in  a  glafs  fyphoq. 
confined  by  quickfilver,  and  the  refult  was  the 
fame. 

That  this  matter  comes  from  the  vitriolic 
acid  air  only,  and  not  from  any  combination  of 
the  eledtric  matter  with  it,  will  appear  from  the 
following  experiment. 

He 
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He  took  the  fimple  elc£tric  fpark  from  a  con- 
ductor of  a  moderate  fize,  for  the  fpacc  of  five 
minutes  without  interruption,  in  a  quantity  of 
vitriolic  acid  air,  without  producing  any  change 
in  the  infide  of  the  glafs ;  when  immediately 
after,  making  in  it  only  two  explofions  of  a 
common  jar,  each  of  which  might  be  produced 
in  lefs  than  a  quarter  of  a  minute  with  the  fame 
machine  in  the  fame  ftate,  the  whole  of  the 
infide  of  the  tube  was  compleatly  covered  with 
the  black  matter.  Now  had  the  electric  matter 
formed  any  union  with  the  air,  and  this  black 
matter  had  been  the  refult  of  that  combination, 
all  the  difference  that  would  have  ariien  from 
the  fimple  fpark  or  the  explofion,  could  only 
have  been  a  more  gradual,  or  a  more  fqdden 
formation  of  that  matter. 

A  large  phial,  about  an  inch  and  a  half 
wide,  being  filled  with  this  air,  the  explofion 
of  a  very  large  jar,  containing  more  than  two 
feet  of  coated  furface,  had  no  effecl:  upon  it  j 
from  which  it  fhould  feem,  that  in  thefe  cafes, 
the  force  of  the  mock  was  not  able  to  give  the 
quantity  of  air  fuch  a  concuffion  as  was  ner 
ceffary  to  decompofe  any  part  of  itT 

He  had  generally  made  ufe  of  copper,  but 
afterwards  he  procured  this  air  from  almoft 
every  fubftance  from  which  it  could  be 
obtained ;   the  electric  explofion  taken  in  it 
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produced  the  fame  effect.  But,  as  fome  of  the 
experiments  were  attended  with  peculiar  cir- 
eumltances,  he  briefly  mentions  them,  as  fol- 
lows* 

When  he  endeavoured  to  get  vitriolic  acid 
air  from  lead,  putting  a  quantity  of  leaden 
fliot  into  a  phial  containing  oil  of  vitriol,  and 
applying  only  the  ufual  degree  of  heat,  a  con- 
fiderafote  quantity  of  heat  was  produced  ;  but 
afterwards,  though  the  heat  was  encreafed  till 
the  acid  boiled,  no  more  air  could  be  got.  He 
imagined  therefore,  that  in  this  cafe  the  phlo- 
gifton  had,  in  fact,  been  fupplied  by  fome 
thing  that  had  adhered  to  the  fliQt.  However, 
in  the  air  ib,  produced,  he  took  the  electric  ex- 
plofion  ;  and  in  the  firft  quantity  he  tried,  a 
whitrfh  matter  was  produced,  almoft  covering 
the  infide  of  the  tube ;  but  in  the  fucceeding 
experiments,  with  air  produced  from  the  fame 
iliot,  or  from  fomething  adhering  to  it,  there 
was  lefs  of  the  whitifh  matter  ;  and  at  laft,  no- 
thing but  black  matter  was  produced,  as  in  all 
the  other  experiments.  Water  being  admitted 
to  this  air,  there  remained  a  confiderable  refi- 
duum,  which  was  very  flightly  inflammable. 

Vitriolic  acid  air  is  eaiily  procured  from 
fpirit  of  wine,  the  mixture  becoming  black  be- 
fore any  air  is  yielded.    The  electric  explofion 

taken 
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taken  in  this  air  alfo  produced  the  black 
matter. 

The  experiments  made  with  ether  feem  to 
throw  moft  light  upon  this  fubject,  as  this 
air  is  as  eafily  procured  from  ether  as  any 
©ther  fubftance,  containing  phlogifton.  In 
the  air  procured  by  ether  the  electric  explo- 
fion  tinged  the  glafs  very  black,  more  fo  than 
in  any  other  experiment  of  the  kind  ;  and, 
when  water  had  abforbed  what  it  could  of  this* 
air,  there  was  a  refiduum  in  which  a  candle 
burned  with  a  lambent  blue  flame.  But  what 
was  moft  remarkable  in  this  experiment  was, 
that  befides  the  oil  of  vitriol  becoming  very 
black  during  the  procefs,  a  black  fubftance, 
and  of  a  thkk  eoiyfiftence,  was  formed^  which 
fwam  on  the  furface  of  the  acid. 

It  is  very  poffible,  that  the  analyfis  of  this 
fubftance  may  be  a  means  of  throwing  light 
upon  the  nature  of  the  black  matter,  formed 
by  electric  explolions,  in  vitriolic  acid  air, 
as  they  feem  to  refemble  one  another  very- 
much. 

The  electric  fpark  or  explofion,  taken  in 
common  air,  confined  by  quickfilver  in  a  glafs 
tube,  covers  the  inndeof  the  tube  with  a  black 
matter,  which,  when  heated,  appears  to  be 
pure  quickfilver.  This,  therefore,  may  be  the 
cafe  with  the  black  matter  into  which  he  fup- 
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pofcd  the  vitriolic  acid  air  to  be  converted  by 
the  lame  proctfs,  though  the  effect  was  much 
more  remarkable  than  in  the  common  air. 
The  cxploiion  will  often  produce  the  diminu- 
tion of  common  air  in  half  the  time  that  fimple 
fparks  will  do  it,  the  machine  giving  the  fame 
quantity  of  fire  in  the  fame  time  i  alfo,  the 
blackncfs  of  the  tube  is  much  fooner  produced 
by  the  mocks  than  by  the  fparks.  When  the 
tube  confiderably  exceeds  three  tenths  of  an 
inch  in  diameter,  it  will  fomctimes  become  ve- 
ry black,  without  there  being  any  fenfible  di-: 
minution  of  the  quantity  pf  air. 

Experiment  CCXXVI. 

This  curious  experiment  was  made  by  Mr, 
Marmam,  originally  with  a  view  to  melt  wires 
with  a  fmall  Leyden  bottle.  The  effects  are 
furious,  and  feem  to  open  a  new  field  for  in- 
yeftigating  the  force  and  direction  -of  the  elec- 
tric fluid.  He  fixed  a  fmall  piece  of  wax  upon 
the  outride  coating  of  the  Leyden  bottle,  the 
head  of  a  fmall  needle  was  ftuck  in  the  wax, 
jfo  as  to  be  at  right  angles  to  the  coating ;  op- 
posite to  the  point  of  this  needle,  and  at  half 
an  inch  diftanec  another  needle  was  fixed, 
by  being  forced  through  the  bottom  of  a  chip 
box,  this  was  connected  with  the  difcharging 
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rod  by  a  wire.  On  difcharging  the  bottle,  the 
needle  with  the  wax  was  driven  from  the  coat- 
ing of  the  bottle,  and  fixed  into  the  box  op- 
pofed  to  it.  The  diftance  between  the  needles 
was  then  increafed  to  two  inches  and  a  half, 
which  was  the  greater!  finking  diftance.  The 
head  of  the  needle,  which  was  fixed  to  the 
bottle,  was  evidently  melted  in  two  or  three 
places.  If  the  charge  was  ftrong,  and  the  wax 
was  not  ^uck  fall  to  the  coating  of  the  bottle, 
both  the  wax  and  the  needle  would  be  driven 
fome  inches  from  the  bottle.  On  placing  a 
ball  of  wax  on  the  point  of  each  needle,  and 
rjafling  the  difcharge  through  them,  the  ball 
was  thrown  from  that  connected  with  the  bottle 
full  two  feet.  Repeating  this  again,  he  could 
not  produce  the  fame  effect. 

Mr.  Madham  now  fixed  the  needle,  oppofed 
to  that  on  the  bottle,  with  wax  on  a  brafs  plate. 
On  pairing  the  charge,  through  them,  when  the 
needles  were  half  an  inch  diftance  from  each 
other,  the  needle  was  thrown  fix  inches  from  - 
the  brafs  plate,  while  the  other  remained  in  its 
fituation.  On  increafing  the  diftance,  the  effects, 
were  the  fame,  till  it  came  to  one  inch  and  a. 
half,  when  neither  were  thrown  off.  In  many 
inftances,  both  were  thrown  off,  leaving  the 
wax  behind  them. 

The 


316 


AN  ESSAY 


The  needles  in  all  thefe  experiments  pafTed 
through  the  wax,  fo  as  to  touch  the  coating  of 
the  bottle  and  the  brafs  plate,  both  the  coating 
and  plate  were  beautifully  fufcd  at  each  ex. 
plofion. 

Mr.  Marftiam  then  fubftituted  fmall  pieces 
of  putty  inftead  of  wax ;  when,  on  making  the 
difcharge  with  the  points,  at  only  three-eighths 
of  an  inch,  the  needle  was  driven  from  the  boN 
tie,  and  the  putty  forced  up  the  needle.  The 
points  were  then  placed  as  near  each  other  as 
was  poffible ;  when,  on  making  the  difcharge, 
the  putty  of  both  needles  was  blown  to  pieces, 
and  the  needle  thrown  at  a  considerable  dif- 
tance  ;  the  brafs  plate  was  alfo  euriouily  melted, 
and  the  bottle  broke* 
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On  the  Analogy  between  the  Production  and 
EffeCls  of  EleClricity  and  Heat,  and  alfo 
between  the  Power  by  which  Bodies  con- 
due!  Eleclricity  and  receive  Heat,  with 
the  Defcription  of  an  Inflruntent  to  mea- 
fure  the  Quantity  of  the  Electrical  Fluid, 
which  Bodies  of  a  different  Nature  wilt 
conduCi \  when  placed  in  the  fame  Circum- 
fxances.    By  Mr.  Achard.* 

The  production  of  heat  is  fimilar  to  that  of' 
Eleclricity. 

Every  kind  of  friction  produces  heat  and  - 
eleclricity.  It  may  be  objected  to  this,  that  in 
order  to  render  the  analogy  perfect,  it  would  be 
neceffary  that  the  friction  of  every  body  fhould 
produce  electricity,  which  appears  contrary  to 
experience,  as  metals  and  other  conducting 
fubftances  do  not  become  electrical,  but  by 
the  contact  of  electric  bodies,  and  that  the 
immediate  friction  of  thefe  fubftances  will  not 
render  them  electrical.  ' 

To  this  it  may  be  anfwered,  that  when  ao 
electric  body  is  excited  by  friction  againft  a 
non-electric,  that  the  laft,  if  it  is  infulated, 
gives  as  ftrong  figns  of  electricity  as  thofe 
of  the  electric  itfelf.    This  electricitv  is  not 
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-Communicated  by  the  electric,  fince  it  is  of 
an  oppofite  kind  :  negative,  if  the  electric  is 
pofitive ;  and  the  contrary. 

This  obfervation  proves,  not  only  that  the 
conducting  bodies  become  electrical  by  friction, 
as  well  as  electric  bodies,  but  alfo,  that  to  pro- 
duce electricity  it  LS  neceffary  that  the  equili- 
brium between  the  electricity  of  the  rubbing 
bodies  Ihould  be  deftroyed  ;  if  each  fubftance 
is  equally  adapted  to  receive  and  tranfmit 
the  electrical  fluid,  it  is  clear,  that  the  equili- 
brium of  the  fluid  between  them  cannot  be  de- 
ftroyed  ;  becaufe,  that  at  the  inftant  one  re- 
ceives from  the  other  any  given  quantity,  it 
will,  by  its  elafticityj  be  again  divided  between 
them  :  we  may  therefore  conclude* 

1.  That  the  electricity  produced  by  the  fric- 
tion of  two  bodies  is  greater,  in  proportion  toN 
the  increafe  of  the    difference  between  the 
conducting  power  of  thofe  bodies; 

2 .  That  where  two  bodies  are  equally  adapted 
to  receive  and  tranfmit  the  electric  fluid,  they 
give  no  fign  of  electricity ;  not  becaufe  they 
cannot  become  electrified  by  friction,  but  be- 
caufe the  electricity,  which  is  difturbed  by  the 
friction,  is  at  the  fame  inftant  reftored,  on  ac- 
count of  the  facility  with  which  it  penetrates" 
each  fubftance.    For  a  reafon '  nearly  limilar, 
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electrics,  when  rubbed  together,  do  not  appeal 
electrified. 

It  feems  therefore,  that  we  may  tonclude 
from  this  theory,  which  is  founded  on  fact,  that 
in  all  cafes,  and  whatever  is  the  nature  of  the 
fubftance,  the  friction  always  produces  elec- 
tricity ;  and  when  the  effect  is  not  fenfible^  it 
is  only  becaufe  electricity  is  loft  as  foon  as  pro- 
duced. 

That  there  are  no  fubftanccs,  that  are  rubbed 
againft  a  body,  which  tranfmit  the  electric  fluid 
with  greater  or  4efs  difficulty,  but  what  give 
figns  of  electricity :  that  metals  are  as  elec- 
trical by  themjelves  as  glafs  and  wax* 

That  as  friction  always,  and  in  all  cafes,  pro- 
duces electricity,  there  is  a  perfect  analogy  be- 
tween the  production  of  heat  and  electricity. 

Tbe  effefis-wbkb  are  produced  by  eleflrkity,  are 
ftmilar  to  thofe  produced  by  heat. 

Heat  dilates  all  bodies.  The  action  of  the 
electric  fluid  ort  the  thermometer  fhews  its 
dilating  power  alio  ;  and  if  we  do  not  generally 
perceive  it,  it  is  becaufe  the  force  with  which 
bodies  cohere  together  exceeds  the  dilating 
power  of  electricity. 

Heat  promotes  and  accelerates  vegetation  as 
well  as  germination  :  Electricity,  whether  po- 
pofitive  or  negative,  does  the  fame. 

Electricity, 
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•  Ele&ricity,  as  well  as  heat,  accelerates  eva- 
poration. 

Heat  and  electricity  accelerate  the  mof?on 
of  the  blood.  Leaft  fear,  conftraint,  or  the' 
attention  to  the  experiment,  might  accelerate 
the  pulfe  and  this  be  attributed  to  electricity,- 
Mr.  Achard  made  the  experiment  on  a  dog 
when  a  ileep,  and  always  found,  that  the  num- 
ber of  pulfations  was  increafed  when  the  ani- 
mal was  electrified. 

The  experiment  made  by  Mr.  Achard  on  the' 
eggs  of  a  hen,  and  by  others  on  the  egg's  of 
moths,  prove  that  electricity,  as  well  as-  heat, 
favour  the  developement  of  thofe  animals.  The 
e.Vectrie  fluid,  in  common  with  firey  will  throw 
metals  into  fufion.' 

If  fubftances,  with  unequal  degrees  of  heat,- 
touch  each  other,  the  heat  is  diffufed  uniformly 
between  them.  In  the  fame  manner,  if  two 
bodies  with  unequal  degrees  or  different  kinds 
of  electricity,  touch  each  other,  an  equilibrium 
will  be  eftablifhed. 

'There  is  an  exatl  analogy  between  the  faculty 
tsoith  which  bodies  conducl  the  elettric  fluid  and  re- 
ceive heat. 

If  bodies  of  different  kinds,  and  of  equal  de- 
grees of  heat,  are  placed  in  a  medium  of  a  dif- 
ferent temperature,  they  will  all  acquire,  at  th$ 
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end  of  a  certain  time,  the  fame  degree  of  heat. 
There  is  a  confiderable  difference,  however,  in 
the  fpace  of  time  in  which  they  acquire  the 
temperature  of  the  medium,  exi  gr.  metals 
take  lefs  time  than  glafs,  to  acquire  or  lofe 
an  equal  degree  of  heat. 

On  an  attentive  examination  of  the  bodies 
which  receive  and  lofe  their  heat  fooneft,  when 
they  are  placed  in  mediums  of  different  tempe- 
rature, they  will  be  found  to  be  the  fame  which 
receive  and  lofe  their  electricity  with  the 
greater!:  facility.  Metals,  which  become  warm 
dr  grow  cool  the  quickeft,  are  the  fubftances 
which  receive  and  part  with  their  electricity 
fooneft.  Wood,  which  requires  more  time  to 
Tjc  heated  or  cooled,  receives"  and  lofes  electri- 
city flower  than  metals.  Laftly,  glafs  and  re- 
fmous  fubftances,  which  receive  and  lofe 
flowly  the  electric  fluid,  acquire  with  difficulty 
the  temperature  of  the  medium  which  fur- 
rounds  them. 

If  one  extremity  of  an  iron  rod  is  heated 
red-hot,  the  other  extremity,  though  the  bar 
is  feveral  feet  long,  will  become  fo  warm  in  a 
little  time  that  the  hand  cannot  hold  it ;  be- 
caufe  the  iron  conducts  heat  readily  ;  though  a 
tube  of  glafs,  only  a  few  inches  long,  may  be 
held  in  the  hand,  even  while  the  other  end  is 
melting.    The  electric  fluid,  in  the  fame  man- 
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ner,  pafles  with  great  velocity  from  one  end 
of  a  rod  of  iron  to  the  other ;  but  it  is  a 
fconfiderable  time  before  a  tube  of  glafs,  at  one 
end  of  which  an  excited  electric  is  held,  will 
give  electric  rigiis  at  the  other; 

Thefe  observations  prove,  that  feveral  bodies 
that  receive  and  lofe  with  difficulty  their  ac- 
tual degree  Of  heat,  receive  and  lofe  alfo 
with  difficulty  their  electricity;  To  determine 
if  this  law  is  general,  and  what  are  the  excep- 
tions to  it,  will  require  a  variety  of  experi- 
ments* 

If  we  fuppofe  two  fubftanc^s,  one  of  which 
is  electrified,  but  the  other  not,  that  the  firft 
has  a  known  degree  of  electricity,  and  that  the 
laft  in  touching  it*  deprives  it  of  a  given  de- 
gree of  electricity  ;  this  lofs  of  a  part  of  its 
electricity,  determines  the  facility  with  which 
the  body  that  touches  it  receives  the  electric 
fluid.  Befides  the  figure  and  volume  of  this 
fubftance,  the  time  the  two  bodies  remain  in 
contact,  will  alter  the  quantity  taken  from 
the  electrified  fubdance  ;  fo  that  all  other 
circumstances  being  the  fame,  the  property  of 
bodies  to  deprive  other  bodies  of  their  elec-* 
tricity,  or,  in  other  vvords,  to  conduct  the  elec- 
tric fluid*  is,  in  the  inverfe  ratio  of  the  time^ 
neceflary  to  make  them  lofe  an  equal  degree 
of  electricity. 

The 
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The  inftrument  which  is  reprefented  fig.  95, 
is  conftru&ed  on  thefe  principles,  and  with  it 
the  quantity  of  electricity  that  one  body  lofes 
in  a  given  time,  when  touched  by  another,  may 
be  accurately  afcertained.  A  B  is  a  very  fen- 
feblfe  balance,  at  the  extremity  of  each  arm  two 
yciv  light  balls  of  copper  are  affixed,  CFEf 
a  divided  femicirc'le,  which  is  fattened  to  the 
cock  which  fupports  the  axis  of  the  balance ; 
the  degrees  may  be  pointed  out  by  a  needle.;  cor 
by  the  arms  of  the  balance  ;  the  cock  is  fixed 
to  a  brafs  cap,  which  is  cemented  on  the  glafs 
pillar  GG,  which  is  fixed  to  the  board  QR  ST; 
this  pillar  mould  be  at  leaft  18  inches  high. 
U  is  a  Leyden  bottle  ;  to  the  wire  Z  2,  which 
communicates  with  its  infide  coating,  three 
horizontal  wires,  VZ,  XZ,  and  Z  Y,  are  fixed  ; 
the  ends  of  thefe  wires  are  furnlfhed  with  hol- 
low brafs  balls ;  the  bottle  U  is  fd  fixed  to  the 
board,  that  when  the  beam  is  horizontal,  the 
ball  B  touches  exactly  the  ball  V*  as  is  repre-'" 
fcnted  in  the  figure. 

K  N  is  a  metal  lever,  which  turns  upon  an 
axis  at  I,  fo  as  to  move  freely  in  a  vertical 
plane,  which  mould  coincide  with  the  bar  VX  ; 
the  lever  K  N  is  fupported  by  a  wooden  pillar 
I  H,  which  is  fixed  to  the  board  Q_R  S  T  ;  at 
the  end  K  of  the  lever  is  a  fcrew,  to  hold  the" 
fubftance  on  which  the  experiment  is  to  be  made ; 
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the  upper  end  of  this  fubftance  Ihonld  be  turn- 
ed into  a  convex  form.  A  thread  N  O  is  tied 
to  the  end  N  of  the  lever;  at  O  is  a  fmall 
hook,  on  which  a  ball  P  is  to  be  fufpended; 
The  diftance  of  the  pillar  I  H,  from  the  bottle 
is  to  be  fo  adjufted,  that  when  the  end  N  is 
lowered,  the  body  L  may  touch  in  one  point 
the  ball  X,  the  proportion  between  the  weight 
of  the  arms,  of  the  lever,  the  weight  P  and  the 
body  L,  and  the^  length  of  the  pillar  I H  to 
the  thread  N  O,  is  to  be  fuch,  that  when  the 
fubftance  L  touches  the  ball  X,  at  the  fame 
moment  the  ball  P  will  touch  the  board 
QR.  S  T,  and  be  difengaged  from  the  thread 
N  O ;  the  fubftance  L  will  alfo  at  the  fame 
inftant  quit  the  ball  X. 

To  ufe  this  inftrument,  connect,  the  bottle 
U  with  the  prime  conductor  by  the  ball  Y, 
and  form  a  communication  by  a  wire  from 
Y  to  the  cap  G;  charge  the  bottle,  and  the 
ball  V  will  repell  the  ball  B,  the  angle  of  re- 
pulfion  will  be  marked  by  the  needle  E  F; 
Suppofe  this  to  be  26  degrees,  and  let  L  be 
brought,  as  before  defcribed,  to  touch  X,  it  will 
abforb  a  quantity  of  electricity  proportionable 
to  its  conducting  power,  and  the  ball  B  will 
fall  in  proportion  to  the  quantity  abforbed,  and 
the  difference  will  be  feen  on  the  femicircle. 
Let  the  difference  be  five  degrees ;  repeat  the 

experiment, 
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experiment,  only  fubftituting  fome  other  fub- 
itance  in  the  place  of  the  body  E  ;  fuppofe  that 
with  this  fubftance  the  diminution  of  the  angle 
is  8  degrees,  then  is  the  conducting  power  of 
thefe  two  fubftances  in  the  proportion  of  5  to  8. 

Fig.  98  reprefents  an  apparatus,  to  fet  % 
wire  on  fire  by  the  electric  explofion  in  jdephlogi- 
flicated  air.  I  am  obliged  to  defer  the  descrip- 
tion and  ufe  of  it  to  fome  future  opportunity, 
as  I  have  not  had  any  time  to  try  its  fuc- 
.cefs. 


AN 


A  N 


ESSAY 


o  u 


MAGNETISM. 


ADVERTISEMENT. 


x  HIS  fmall  Effay  is  publifhed  to  illuftratc 
and  exemplify  fome  ufes  of  a  Magnetical 
Apparatus,  conftru&ed  in  order  to  exhibit 
the  general  phoenomena  of  Magnetifm.  It 
is  extracted  from  a  larger  work,  which  is 
laid  afide  for  the  prefent,  as  it  is  probable 
the  public  will  foon  be  favoured  with  a 
jtreatife  on  this  fubject  by  Mr.  Cavallo. 
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THOUGH  the  phcenomena  of  the  mag- 
net have,  for  many  ages,  engaged  the  at- 
tention of  natural  philofophers,  not  only  by 
their  Angularity  and  importance,  but  alfo  by 
the  obfcurity  in  which  they  are  involved  ;  yet 
very  few  additions  have  been  made  to  the  dif- 
covenes  of  the  firft  enquirers  upon  the  fubjecT:. 
The  powers  of  genius  which  have  been  hither- 
to employed  in  profecuting  this  fubjecT:,  have 
not  been  able  to  frame  an  hypothefis,  that  will 
account,  in  an  eafy  and  fatisfadlory  manner,  for 
all  the  various  properties  of  the  magnet,  or 

point 
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point  out  the  links  of  the  chain  which  connect 
it  with  the  othpr  phenomena  of  the  univerfe, 

It  is  known  by  the  works  of  Plato  and  Ari«r 
fcotle,  that  the  antients  were  acquainted  with 
the  attra&iye  and  repulfive  powers  of  the  mag- 
net ;  but  it  does  nor  appear,  that  they  knew  of 
Its  pointing  to  the  pole,  or  the  uib  of  the  com- 
pafs.  As  they  were  not  acquainted  with  the 
true  method  of  philosophising,  and  contented 
thcmfeives  with  obfervation  alone,  their  know- 
ledge of  nature  was  confined  within  very  narrow 
limits,  and  did  not  afford  any  confiderablc  ad- 
vantage to  fociety.  Modern  philqfophers,  by 
combining  experiment  with  obfervation,  foon 
extended  the  boundaries  of  fcience,  and  dis- 
covered the  polarity  pf  the  loadftone,  a  proper- 
ty which  in  a  manner  conftitutes  the  bafis  of  na- 
vigation, and  gives  being  to  commerce. 

The  loadllone,  or  natural  magnet,  is  an  iroq. 
ore  or  ferruginous  ftone,  found  in  the  bowels 
of  the  earth,  generally  in  iron  mines  ;  of  al| 
forms  and  fizes,  and  of  various  colours. 

Loadftones  are  in  general  very  hard  and  brit- 
tle, and  for  the  moft  part  more  vigorous  in 
proportion  to  their  degree  of  hardnefs.  Con-: 
iidcrable  portions  of  iron  may  be  extracted 
from  them.  Newman  fays,  that  they  are  al- 
moft  totally  foluble  in  fpirit  of  nitre,  and  par, 
pally  in  the  vitriolic  and  marine  acids. 

Artificial  magnets,  whieh  are  made  of  fteel, 
are  now  generally  ufed  in  preference  to  the  na- 
tural 
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tural  magnet ;  not  only  as  they  may  be  pro- 
cured with  greater  eafe,  but  becaufe  they  are 
far  iuperior  to  the  natural  magnet  in  ftrength, 
and  communicate  the  magnetic  virtue  more 
powerfully,  and  may  be  varied  in  their  form 
more  eaiily. 

The  power  poilefTed  by  the  loadftone,  which 
is  alfo  communicable  to  iron  and  fteel,  is  called 
Magnetilmr 

A  rod,  or  bar,  of  iron  or  fteel,  to  which  a 
permanent  polarity  has  been  communicated,  is 
called  a  Magnet. 

The  points  in  a  magnet  which  feem  to  pofTefs 
the  greateft  power,  or  in  which  the  virtue  feems 
to  be  concentrated,  arc  terme^  the  Poles  of  a 
magnet. 

The  Magnetical  Meridian  is  a  vertical  circle 
in  the  heavens,  which  interfects  the  horizon  in 
jthe  points  to  which  the  magnetical  needle,  when 
at  reft,  is  directed. 

The  Axis  of  a  magnet  is  a  right  line,  which 
paries  from  one  pole  to  the  other. 

The  Equator  of  a  magnet  is  a  line  perpen- 
dicular to  the  axis  of  the  magnet,  and  exactly 
between  the  two  poles. 

The  diftinguifliing  and  characteriftic  proper- 
ties olT  a  magnet,  are, 

Firft,  Its  attractive  and  repulfivc  powers. 

Secondly,  The  force  by  which  it  places  it- 
felf,  when  fufpended  freely,  in  a  certain  direc- 
tion towards  the  poles  of  the  earth. 

Thirdly, 


i 
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.•  Thirdly,  Its  dip  of  inclination  towards  a  point 
below  the  horizon. 

Fourthly,  The  property  which  it  poffenes  of 
communicating  the  foregoing  powers  to  iron  or 
ftecL 

An  HYPOTHESIS. 

• 

Wt  Eulcr  fuppofes,  that  the  two  principal 
paufes  which  concur  in  producing  the  wonder- 
ful properties  of  a  magnet  are,  firft,  a  particu- 
lar flru&ure  of  the  internal  pores  of  the  magnet, 
and  of  magnetic aj  bodies ;  and,  fecondly,  an  ex- 
ternal agent  pf  fluid,  which  acts  upon  and  paffes 
through  thefe  pores.  This  fluid  he  fuppofes  to 
he  the  folar  atmofphere,  or  that  fuhtil  matter 
called  ether,,  which  fills  our  fyltem. 

Indeed,, .  moft  writers  on  the  fubjecT:  agree  m 
fuppofing,  that  there  are  corpufcles  of  a 'pecu- 
liar form  and  energy,  which  continually  circu- 
late around  and  through  a  magnet ;  and  that  a 
vortex  of  the  fame  kind  circulates  around  and 
through  the  earth- 

A  magnet,  befides  trie  pores  which  it  has 
in  common  with  other  bodies,  has  alfo  other 
pores  confiderably  fmaller,  deftined  only  for 
the  paffage  of  the  magnetic  fluid.  Thefe  pores 
are  fo  difpofed  as  to  communicate  one  with  the 
ether,  forming  tubes  or  channels,  by  which 
the  magnetic  fluid  paffes  from  one  end  to  the 

other. 
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other.  The  pores  arc  fo  formed  that  this  fluid 
tan  only  pais  through  them  in  one  direction* 
but  cannot  return  back  the  fame  way  ;  fimilar 
to  the  veins  and  lymphatic  veffels  of  the  animal 
body,  which  are  furnilhed  with  valves  for  this 
purpofe.  So  that  the  pores  of  the  magnet  may 
be  conceived  to  be  formed  into  feveral  narrow 
contiguous  tubes,  parallel  to  each  other,  as  .at 
A  B,  fig.  99,  through  which  the  finer  parts  of 
the  ether  paffes  freely  from  A  to  B,  but  cannot 
return  back  on  account  of  the  refinance  it  meets 
with  at  rf,  c,  b,  b,  nor  overcome  the  feiirlance  of 
the  grofier  ether,  which  occafioris  and  continues 
the  motion.  For  fuppofing  the  pole  A  of  a 
magnet,  filled  with  fcvcral  mouths  or  open 
ends  of  fimilar  tubes,  the  magnetic  fluid, 
prefied  by  the  grofler  parts  of  the  ether,  will 
pafs  towards  B  with  an  inconceivable  rapidity, 
which  is  proportionable  to  the  elallicity  of  the 
ether  itfelf ;  this  matter  which,  till  it  arrives  at 
B,  is  feparated  by  the  tubes  from  '  the  more 
grofs  parts,  then  meets  with  it  again,  and  has 
its  velocity  retarded,  and  its  direction  changed  ; 
the  ftream,  reflected  by  the  ether,  with  which 
#t  cannot  immediately  mix,  is  bent  on  both- 
fides  towards  C  and  D,  and  defcribes,  but  with 
lefs  velocity,  the  curves  D  E  and  C  F  e,  and 
approaching  by  the  curves  d  and  c,  falls  in 
with  the  affluent  matter  m  m,  and  again  enters 
the  magnet ;  and  thus  forms  that  remarkable 

atmo* 
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atmofphcrc  which  is  vifiblc  in  the  arrangement 
of  fteel  filings  on  a  piece  of  paper  that  is  placed 
Over  a  magnet; 

There  is  a  tendency  in  iron  and  a  magnet  to 
approach  each  other,  and  attach  them/elves  toge- 
ther^ and  that  with  fuch  force j  as  often  to  require 
a  confideiable  weight  to  feparate  them. 

Thefe  curious  phcenomena-  may  be  illuftrated 
by  cither  of  tile  magnets  contained  in  the  ap- 
paratus, as  they  will  lift  greater  or  fmaller 
weights  in.  proportion  to  their  ilrength. 

Place  a  piece  of  iron  on  a  cork,  and  put  the 
cork  into  water,  the  piece  6f  iron  will  be  at- 
tracted by,  and  follow,  a  magnet,-  in  a  pleafing 
manner; 

On  this  principle  many  ingenious  and  enter- 
taining pieces  of  mechaiiifm  have  been  contri- 
ved. Small  fwans  fwimming  in  the  water 
have  been  made  to  point  out  the  time  o;  the 
day,  &c. 

Place  a  magnet  upon  one  of  the*brafs  ftandsy 
and  prefent  one  end  of  a  fmall  needle  towards 
It,  holding  the  other  end  by  a  piece  of  thready 
to  prevent  the  needle  fixing  itfelf  to  the  bar, 
and  the  needle  will  be  pleafingly  fufpended  in 
the  air. 

Sufpend  a  magnet  under  the  fcale  of  a  ba- 
lance, and  counterpoife  it  by  weights  in  the 
other  fcale;  then  prefent  a  piece  of  iron  towards 

ibo 
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the  magnet,  it  will  immediately  defcend,  and; 
if  the  iron  is  not  placed  at  too  great  a  diftance, 
will  adhere  to  it  i  now  fufpend  the  iron  under 
the  fcale  inftead  of  the  magnet,  then  bring  the 
latter  towards  it,  and  the  iron  will  defcend  -and- 
adhere  to  the  maeneti 

The  f  rubers  or  properties  of  a  magnet  may  it 
communicated  to  iron  and  Jleel, 

To  give  -a  detail  of  the  various  procefTes 
which  have  been  fuggefted,  for  the  touching 
or  communicating  the  properties  of  the  mar- 
net  to  iron  or  fteel,  would  alone  fill  a  volume* 
I  mall  therefore  only  give  an  account  of  two 
general  and  good  methods  which  I  prefume 
will  be  found  adequate  to  every  common  pur- 
pofe. 

1.  Place  two  magnetic  bars  AS  fig.  10c,  in  aline, 
with  the  north  or  marked  end  of  one,  oppoftd  to 
the  fouth  or  unmarked  end  of  the  other,  but  at 
fuch  a  diftance  from  each  other,  that  the  masr- 
net  to  be  touched  may  reft  with  its  marked  end 
on  the  unmarked  end  of  A,  and  its  unmarked 
end  on  the  marked  end  of  B,  then  apply  the 
north  end  of  the  magnet  D  and  the  fouth  end 
of  E  to  the  middle  of  the  bar  C,  the  oppofite- 
ends  being  elevated  as  in  the  figure  $  draw  D 
and  E  afunder  along  the  bar  C,  one  towards  A, 
the  other  towards  B,  preferving  the  fame  ele- 
vation^ 
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yation,  remove  D  and  C  a  foot  or  two  from  the 
bar  when  they  arc  off  the  ends,  then  bring  the 
north  and  fouth  poles  of  thefe  magnets  together 
and  apply  them  again  to  the  middle  of  the  bai* 
C  as  before  ;  repeat  the  fame  procefs  five  or  fix 
times,  then  turn  the  bar,  and  touch  the  oppo-j 
fite  furface  in  the  fame  manner,  and  afterwards 
the  two  remaining,  fur  faces,  and  by  this  means 
the  bar  will  acquire  a  ftrong  fixed  mag- 
netifm. 

2.  Place  the  two  bars  which  are  to  be  touched 
parallel  to  each  other,  and  then  unite  the  ends 
by  two  pieces  of  foft  iron  called  fupporters,  in 
order  to  preferve,  during  the  operation,  -the  cir- 
culation of  the  magnetic  matter  ;  the  bars  are 
to  be  placed  fo  that  the  marked  end  B,  fig.  ior, 
may  be  oppofite  the  unmarked  end  D,  then  place 
the  two  attracting  poles  G  and  I  on  the  middle  of 
one  of  the  bars  to  be  touched,  raifing  the  ends 
fo  that  the  bars  may  form  an  obtufe  angle  of  i  oo 
or  1 20  degrees;  the  ends  G  and  I  of  the  bars 
are  to  be  feparated  two  or  three  tenths  of  an 
inch  from  each  other.'    Keeping  the  bars  in  this 
pofition,  move  them  flowly  over  the  bar  A  B> 
from  one  end  to  the  other,  going  from  end  to 
end  about  fifteen  times.     Having  done  this, 
change  the  poles  of  the  bars,  *  and  repeat  the 
fame  operation  on  the  bar  C  D,  and  then  on  the 

oppofite 

*  That  is  the  marked  end  of  one  is  always  to  be  againft  the?- 
unmarked  end  of  the  other. 
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Oppoiite  faces  of  the  bars ;  the  touch,  thus 
Communicated,  may  be  farther  increafed,  by 
rubbiner  the  different  faces  of  the  bars  with 
fets  of  magnetic  bars  difpofed  as  in  fig. 
102. 

It  feems,  that  in  order  to  render  fteel  magrre- 
tical,  we  mult  fo  diipofc  the  pores  that  they 
may  form  contiguous  tubes  parallel  to  each 
other,  capable  of  receiving  the  magnetic  fluid, 
and  then  propagating  and  perpetuating  its  mo- 
tion, fo  that  the  magnetic  ftream  may  enter 
with  eafe,J  and  be  made  to  circulate  through 
it  with  the  greateft  force  :  to  this  end,  it  is  ne- 
ceffhry  to  be  particularly  attentive  in  the  choice 
of  the  fteel  which  is  to  be  touched  ;  the  grain 
fhould  be  equal,  fmall,  homogenous,  and  with- 
out knots,  that  it  may  prefent  a  number  of 
equal  and  uninterrupted  channels  to  the  fluid, 
from  one  end  to  the  other  :  this  is  more  imme- 
diately important  in  the  choice  of  the  fteel  for 
the  needles  of  fea  compafles,  for,  if  the  flee} 
is  impure,  Or  the  mode  of  touching  improper^ 
the  needle  may  have  different  poles  communi- 
cated to  it,  which  will  more  or  lefs-  impede  the 
action  of  the  principal  needle  according  to  their 
ftrength  and  fituation. 

The  fteel  fliould  be  well  tempered,  that  the 
pores  may  preferve  for  a  long  time  the  difpofi- 
tion  they  have  received,-  and  better  refift  thofe 
changes  in  their  direction,  to  which  iron  and 
feft  fteel  are  liable.    The  difference  in  the  na- 

Z  ture 
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ture  of  fteel  is  exceeding  great,  as  is  eafily 
proved  by  touching  in  the  fame  manner,  and 
with  the  fame  bars,  two  pieces  of  fteel  of 
equal  fize,  but  of  different  kind. 

Steel  that  is  hardened,  receives  a  more  per- 
manent magnetifm  thari  foft  fteel,  tho"  it  does 
not  appear  that  they  differ  from  each  other  in  any 
thing  but  the  arrangement  of  the  parts ;  per- 
haps the  foft  fteel  contains  phlogifton  in  its 
largeft  pores,  while  hardened  fteel  contains  it 
in  the  fmaller.  Iron,  or  fteel,  have  very  little 
air  incorporated  in  their  pores ;  when  they  are 
feparated  from  the  ore,  they  are  expofed  to  a 
moft  intenfe  degree  of  heat,  and  moil  of  the 
changes  to  which  they  are  'afterwards  fubmit- 
ted,  are  effected  in  a  red  hot  ftate.  A  piece  of 
fpring-tempered  fteel  will  not  retain  as  much 
magnetifm  as  hard  fteel,  foft  fteel  ftill  lefs,  and 
iron  fcarce  retains  any;  From  fome  experi- 
ments of  Mr.  MufTchenbrOek,  it  appears,  that 
when  iron  is  united  with  an  acid,  it  will  not 
become  magfletical ;  but  if  the  acid  is  feparated, 
and  the  phlogifton  reftored,  it  will  become  as, 
magnetical  as  ever. 

The  dimenftons  and  ihape  of  a  magnet  will 
make  a  difference  in  its  force,  therefore,  the 
bars  to  be  touched,  fliould  neither  be  too  long 
nor  too  lhort,  but  in  proportion  to  their  thick- 
nefs ;  if  they  are  too  long,  the  paffage  of  the 
magnetic  matter  coming  out  of  one  pole,  and 

proceed- 
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proceeding  round  the  magnet  to  enter  the  other,, 
will  be  impeded,  and  its  velocity  leffcned.  If 
tjaey  are  too  Ihort,  the  fluid  which  comes  out 
from  one  pole,  will  be  repelled  and  thrown 
back  by  the  other  acting  parts  of  the  magnet, 
and  thus  be  carried  too  far  from  the  pole  into 
which  it  ought  to  enter,  and  prevent  the  conti- 
nued circulation  of  the  magnetic  matter.  If 
they  are  too  thin,  then  the  number  of  pores  are 
too  few  to  receive  a  ftrearrr  fufficiently  ftrong  to 
fefift  the  obftacles  in  the  external  fpace  ;  while, 

I  ' 

if  they  are  too  thick,  the  ftrait  and  regular  di- 
rection of  the  channel  is  injured  by  the  diffi- 
culty which  takes  place  in  the  arrangement  of 
the  interior  channels,  as  the  magnetic  matter  has 
not  fufficient  force  to  penetrate  the  flecl  to  any 
considerable  depth,  and  thus  injures  the  circu- 
lation of  the  fluid. 

All  the  pieces  fhould  be  well  polilhed ;  it  is 
of  the  greater!  importance  that  the  ends  fhould 
be  flat  and  true,  fo  as  to  touch,  in  as  many 
points  as  is  poflible,  the  ends  of  foft  iron  which 
keep  up  the  circulation.  Inequalities  on  the 
faces,  but  principally  near  the  poles,  are  to  be 
avoided,  as  thefe  occafion  irregularities  in  the 
circulation,  and  thus  diminilh  its  velocity, 
which  is  one  of  the  principal  fources  of  mag- 
netic power. 

While  the  bars  are  touching,  the  ends  of  foft 
iron  mould  be  kept  in  conftant  contact  with' 
the  bars,  for  a  momentary  reparation,  is  fufficient- 

Z  2  toJ 
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to  deftroy  the  effeftof  the  operation,  as  the  fluid 
"vVill  be  inftantly  difperfed  in  the  air. 

The  Operator  ought  not  to  flop  longer  on  the 
firft  bar  than  is  neceflary  to  open  the  pores,  and 
to  arrange  them  magnetically,  pairing  imme- 
diately to  the  other,  to  form  an  opening  for 
the  fluid  which  ifTues  from  the  firft. 

It  is  molt  advantageous  to  turn  the  bar  that  is 
quitted,  while  the  touching  magnets  are  plaeed 
on  the  other  ;  by  this  means,  the  ftream  that  is 
tobe  excited  will  difpofe  the  channels  of  the  firft,; 
and  thus  render  the  operation  more  efficacious ; 
befides,  by  only  turning,  one  bar  at  a  time,  the 
touching  bars  need  never  be  totally  removed 
during  the  whole  operation,  acircumftance  which 
will  contribute  to  the  ftrength  of  the  magnet. 

The  touching  bars  fhould  never  be  feparated 
but  at  the  equator  of  the  magnet ;  and  their  mo- 
tion over  the  others,  fhould  be  flow  and  regular. 

The  magnetic  power  of  touched  needles  has 
been  encreafed  by  leaving  them  for  fome  time  in 
linfeed  oiL 

It  may  contribute  to  the  effe&s  of  the  ope- 
ration if  the  bars  A  and  B,  fig.  100,  are  placed 
in  the  direction  of  the  magnetic  meridian,,  and 
are  inclined  to  the  horizon  in  an  angle  equal 
to  the  dip  of  the  needle. 

The  fixed  power,  thus  communicated  to  a 
magnet,  is  ihaipaired  if  it  is  laid  amongft  iron, 
or  by  ruft ;  it  may  be  injured  alfo  by  fire,  as 
each  of  thefe  circumftances  will  change,  or 
c6nfufe  the  direction  of  the  magnetic  ftream. 

Place 
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Place  a  fmall  magnetic  needle  on  the  pivot  of 
one  of  the  fmall  {lands,  and  put  it  between  two 
magnetic  bars,  fo  that  the  nprtji  end  of  the  bar 
may  be  near  the  fouth  end  of  the  needle  ;  the 
fmall  needle  will,  without  any  apparent  caufe, 
be  thrown  into  a  violent  vibratory  motion,  and 
feem  as  it  were  animated,  till  it  is  faturated  with 
magnetifm,  when  it  will  become  quiefcent. 
The  vibratory  motion  is  probably  occafioned  by 
the  irregularity  of  the  impreffions  it  receives 
from  the  magnetic  fluid,  and  the  difficulty  that 
fluid  finds  in  enterino-  the  needle. 

All  caufes,  that  are  capable  of  making  the 
magnetic  fluid  move  in  a  ftrcam,  will  produce 
magnetifm  in  thofe  bodies  which  are  properly 
qualified  to  receive  it. 

If  bars  of  iron  are  heated,  and  then  cooled 
equally,  in  various  directions,  as  parallel,  per- 
pendicular, or  inclined  to  the  dipping  needle, 
the  polarity  will  be  fixed  according  to  their  po- 
fition,  flrongefl  when  they  are  parallel  to,  the 
dipping  needle,  and  fo  lefs  by  degrees,  till  they 
are    perpendicular    to   it,    when    they  will 
have  no  fixed  polarity  ;  but  if  upon  cooling  a 
bar  of  iron  in  water,  the  under  end  is  confider- 
ably  hotter  than  the  upper,  and  the  upper  end 
is  cooled  firft,  it  will  fometimes  become  the 
north  pole,  but  not  always.    If  iron,  or  fteel, 
undergo  a  violent  attrition  in  any  one  particu- 
lar part,  they  will  acquire  a  polarity;   if  the 
iron  is  foft,  the  magnetifm  remains  very  little 
longer  than  while  the  heat  continues.  Light- 
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ening  is  the  ftrongeft  power  yet  known  in  pro- 
ducing a  ftream  of  magnetifm ;  it  will,  in  an 
inftant,  render  hardened  fteel  ftrongly  magne- 
tical,  and  invert  the  poles  of  a  magnetic  needle. 

To  make  a  magnetical  bar  with  feverai 
poles,  place  magnets  at  thofe  parts  where  the 
poles  are  intended  to  be,  the  poles  to  be  of  a 
contrary  name  to  thofe  required,  and  if  a  fouth 
pole  is  fixed  on  one  part,  the  two  next  places 
muft  have  north  poles  fet  againft  them ;  con- 
fider  each  piece  between  the  fupporters  as  a 
feparate  magnet,  and  touch  it  accordingly. 


There  are  certain  f  tints  in  a  magnet  in  which  it: 
virtues  feem  as  it  were  concentrated. 

Let  a  magnet  be  placed  on  one  of  the  brafs 
{lands  contained  in  the  apparatus,  and  then 
try  what  number  of  iron  balls  it  will  fuftain  at 
different  parts ;  it  will  be  found  to  fupport  moll 
near  the  ends,  evincing  that  the  magnetic 
power  is  exerted  there  with  the  greatefl  force. 

Place  the  fmall  brafs  weight,  which  is  in  the 
box,  on  the  north  end  of  the  fmall  dipping 
needle,  and  then  prefent  the  fouth  end  of  a 
magnet  to  the  end  of  the  arch,  this  will  repel 
the  end  of  the  needle  to  a  certain  degree  ;  then 
move  the  magnet  progreffively  forwards,  and 
the  needle  will  fall  down  gradually  till  it  comes 
to  zero.  If  the  magnet  is  moved  farther,  the 
index  will  be  attracted  towards  it. 
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To  find  the  Poles  of  a  Magnet. 

Let  a  magnet  be  placed  under  one  of  thofe 
panes  of  glafs  which  arc  contained  in  the  bot- 
tom of  the  box  ;  fift  fome  fteel  filings  on  this 
glafs,  and  then  ftrike  it  gently  with  a  key,  in 
order  to  throw  the  glafs  into  a  vibratory  mo- 
tion ;  this  will  difengage  the  filings,  and  they 
will  foon  be  arranged  in  a  pleafing  manner  : 
thofe  parts  of  the  magnet  from  which  the 
curves  feem  to  take  their  rife,  and  over  which 
the  filings  feem  to  be  almpft  erect,  are  the 
poles  of  the  magnet. 

In  this,  as  well  as  n^any  other  magnetical  expe- 
riments, a  mechanical  force  is  evidently  exerted, 
detaching  the  particles  of  iron  from  one  fitua- 
tion,  removing  them  to  another,  and  then  retain- 
ing them  there  with  confiderable  force. 

The  poles  of  a  magnet  may  be  afccrtained 
with  greater  accuracy  by  means  of  the  fmall 
dipping  needle ;  place  this  on  a  magnet,  and 
move  it  backwards  and  forwards  till  the  needle 
is  perpendicular  to  the  magnet,  it  will  then 
point  directly  tq  one  of  the  poles  ;  when  it  is 
between  the  north  and  fouth  poles,  fo,  that  their 
mutual  actions  balance  each  other,  the  center 
of  the  needle  will  ftand  over  what  is  called  the 
equator  of  the  magnet,  and  the  needle  will  be 
exactly  parallel  to  the  bar.    If  it  is  then  removed 
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towards  either  pole,  it  will  be  differently  in- 
clined according  to  its  diftance  from  the  poles. 

Hold  a  common  fmall  fewing  needle  (with 
fome  thread  in  its  eye)  near  a  magnet  for  a  few 
feconds,  then  bring  it  gradually  towards  the 
middle  of  a  magnetic  bar,  and  the  powers  of 
the  magnet  will  fo  far  counteract  the  force  of 
gravity  as  to  keep  it  fufpended  in  the  air^,  in  a 
pofition  which  i<s  nearly  parallel  to  that  of  the 
magnet. 

There  is  no  magnetical  attraction  without 
polarity  ;  it  is  confequently  abfurd  to  fuppofe, 
that  a  magnet  may  have  a  ftrong  attractive 
power,  but  a  weak  polarity,  or  directive 
power. 

Ijet  an  iron  rod  be  exaffly  balanced  and  fuf- 
pended on  a  point,  fo  as  to  revolve  in  a  plane  pa- 
rallel to  the  horizon  ;  communicate  the  magnetic 
virtue  to  this  rod,  and  one  extremity  wjll  be  al- 
ways dire.5led  towards  the  north. 

Place  any  of  the  untouched  needles  in  the 
apparatus  on  a  point,  and  it  may  be  fixed,  or 
will  remain  in  any  required  fituation ;  commu- 
nicate the  magnetic  virtue  to  it,  and  it  will  no 
longer  be  indifferent  as  to  its  fituation  ;  but  will 
£x  upon  one,  in  preference  to  any  other,  one  end 
pointing  towards  the  north,  the  other  towards 
the  fouth. 
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!  It  is  not  improbable,  that  in  fome  future  pe- 
riod, it  may  be  difcovcred,  that  moil  bodies 
are  pofleffed  of  a  polarity,  and  will  aflame  di- 
rections relative  to  the  various  affinities  pf  the 
dements  of  which  they  are  compounded. 

The  directive  power  of  a  touched  needle  is 
of  the  greateft  importance  to  mankind,  as  it  en? 
ables  the  mariner  to  traverfe  the  ocean,  and  thus 
unite  the  arts,  manufactures,  and  knowledge  of 
diftant  countries,  together.  The  furveyor,  the 
miner,  and  the  aftronomer,  derive  many  ad- 
vantages from  this  wonderful  property. 

The  mariner's  compafs  con-fifts  of  three  parts, 
the  box,  the  card  or  fly,  and  the  needle. 

The  card  is  a  circle  of  ftiff  paper  reprefent- 
ing  the  horizon,  with  the  points  of  the  compafs 
.marked  on  it  ;  the  magnetical  needle  is  fixed  to 
jJie  under  fide  of  this  card  ;  the  center  of  the 
need\e  is  perforated,  and  a  cap,with  a  conical  agate 
at  jt,s  top?  is  fixed  in  this  perforation ;  this  cap  is 
hung  on  a  fteel  pin,  which  is  fixed  tQ  the  bot- 
tom of  the  box ;  the  box  has  a  cover  of  elafs. 
and  is  mounted  on  jimbals.  At  fome  future 
period,  I  mean  to  treat  of  the  various  modes 
that  have  been  adopted  in  conftructing  fea  com- 
panies, and  of  their  various  faults  and  excel* 
lencies. 

It  is  by  no  means  clearly  decided  who  was 
the  original  inventor  of  tjie  mariner's  compafs ; 
by  fome  it  is  attributed  to  Flavio  Gioa,  of  A- 
palfi,  in  Campania,  who  lived  about  the  be^ 
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ginning  of  the  14th  century  ;  fome  fay  it  came 
from  the  Eaft  ;  others  that  it  was  known  even- 
earlier  in  Europe. 

The  contrary  poles  of  two  magnets  attract 
each  other. 

The  north  poles  of  two  magnets,when  brought 
contiguous,  repel  each  other.  The  fouth  poles 
alfo,  when  brought  near,  repel  each  other. 

Thefe  phcenomena  are  eafily  illuftrated  by  a 
variety  of  pleafing  experiments. 

Sufpend  on  a  point  a  touched  needle,  then 
prefent  towards,  its  north  pole  the  fouth  pole  of 
a  magnet,  and  it  will  be  attracted  by,  and  fly 
towards  it ;  prefent  the  other  pole  of  the  mag- 
net, and  the  needle  wil,l  fly  from  it. 

Fix  two  needles  horizontally  in  two.  pieces  of 
coik,.  and  put  them  in  water ;  if  the  poles  of  the 
fame  name  are  placed  together,  they  will  mu- 
tually repel  each  other.  If  the  poles  of  a  con- 
trary denomination  are  turned  towards-  each 
other,  they  will  be  attracted  and  join. 

Dip  the  north  or  fouth  en$s  of  two  magnets 
In  fteel  filings,  which  will  hang  in  clutters  from 
the  end  of  the  bars  ;  bring  th,e  ends  of  the  barsj 
towards  each  other,  and  the  fteel  filings  on  one 
bar,  will  recede  from  thofe  on  the  other.  Dip. 
the  fouth  pole  of  one  magnet,  and  the  north 
pole  of  the  other,  into  fteel  filings,  then  let  the 
ends  be  brought  near  to  each  other,  and  the 
tufts  of  filings  will  unite,  forming  fmall  circu- 
lar arches. 

Place 
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Place  the  cylindric  magnet,  which  forms 
part  of  the  apparatus,  on  a  fmooth  horizontal 
plane,  and  bring  the  fteel  filh  near  and  parallel 
to  it,  with  its  head  towards  the  marked  end  of 
the  magnet,  and  the  round  bar  will  roll  from  it ; 
turn  the  fifh  fo  that  the  tail  may  be  towards  the 
marked  end,  and  the  magnet  will  follow  it. 

This  curious  property  of  the  magnet  was  the 
foundation  of  the  experiments  that  were  fhewn  in 
London  fome  years  lince  by  Comus,  a  great  va- 
riety of  them  are  defcribed  in  "  Hooper's  Ra- 
tional Recreation."  To  explain  the  nature  oE 
thefe,  a  piece  of  brafs,  filed  into  the  fhape  of 
an  heart,  is  included  in  the  apparatus;  a  magnet 
is  inferted  in  this  piece  of  metal ;  put  the  heart 
into  its  box,  and  place  a  compafs  over  the  box 
with  the  north  point  towards  the  middle  of 
that  part  of  the  box  where  the  cover  Hides 
out;  obferve  the  direction  of  the  needle;  then 
pkc  out  the  metal,  invert  it,  put  it  in  its  place 
again,  and  obferve  the  direction  of  the  needle; 
by  keeping  thefe  obfervations  in  mind,  you 
may  readily  difcover  which  fide  of  the  heart  is 
uppermoft,  though  put  in  unknown  to  you. 

The  magnetic  matter  moves  in  a  Jlream  from 
one  -pole  to  the  other,  internally,  and  is  then  carried, 
back  in  curved  -lines,  externally,  till  it  arrives 
again  at  the  pole,  where  it  firji  entered,  to  be  again 
admitted. 

Put  one  of  the  glafs  panes  over  a  magnetical 
fcar,  fift  ftcel  filings  on  the  glafs,  then  ftrike 
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the  glafs  gently,  and  the  filings  will  difpofc 
tliemidves  in  fuch  manner  as  to  reprcfent, 
with  great  exactnefs,  the  courfe  of  the  magne- 
tic mn.tter.  The  curves  by  which  it  returns 
back  to  the  pole,  where  it  firft  entered,  are  alio 
c-ccurately  exprefled  by  the  arrangement  of  the 
filings.  The  largeft  curves  rife  from,  one  polar 
[ur  face,  and  extend  to  the  other  ;  they  are  larger 
in  proportion  as  they  rife  nearer  the  axis  or 
center  of  the  polar  furface  ;  the  curves  which 
arife  from  the  fides  of  a  magnetical  body,  are 
inter-j^r  to  thofe  which  arife  from  the  polar 
liuiaces,  and  are  fmaller  and  fmaller  in  pro- 
portion to  their  diilance  from  the  ends.  That 
the  magnetic  matter  does  move  back,  in  a  di- 
rection contrary  to  that  with  which  it  paries 
through  the  magnetical  body,  is  confirmed  by 
Its  aclion  on  a  fmall  compafs  needle,  when  pre- 
fented  to  it  at  different  places.    See  fig.  103. 

The  greater  the  diilance  is  between  the  poles, 
of  a  magnet,  the  larger  are  the  curves  which 
arife  from  the  polar  furface. 

'The  immediate  caufe  why  two  or  more  magne- 
tical bodies ,  alt  rati  each  other ,  is  the  pajjage 
ef  one  and  the  fame  magnetical  Jlream  through 
them. 

Let  two  magnets  be  placed  at  fpme  diilance 
from  each  other,  the  fouth  pole  of  one  oppofed 
to  the  north  pole  of  the  other,  lay  a  pane  of 


ON     MAGNETISM.  549 

g-lafs  over  them,   and  fprinkle  it  with  ftcel 
tilings,  then  ilrike  the  pane  gently  with  a  key, 
and  the  filings  will  arrange  themfelvcs  in  the 
direction  of  the  magnetic  virtue.    The  filings 
which  lay  between  the  two  polar  furfaces,  and 
near  the  common  axis,  are  dilpofed   in  ftfait 
lines  going  from  the  north  pole  of  one,  to  the 
fouth  pole  of  the  other  :  the  pores  being  now  m< 
the  fame  direction,  lb  that  the  fluid  which  paffes 
thro'  A  B,fig.  104,  finds  the  pores  at  the  pole  m 
open  to  receive  them,  it  will  therefore  pafs- 
through  this,  and  coming  out  at  b  will  turn' 
towards  A,  to  continue  its  ftream  through  the 
magnet,  and  thus  form  one  atmofphere  or  vor- 
tex, which  preffed,  on  all  fides,  by  the  elaftic 
force  of  the  other,  carries  the  magnets  towards 
each  other.    At   different  diftances  from  the 
axis  the  filings  defcribe  regular  curve  lines^ 
which  run  from  one  pole  to  the  other,  and  di- 
verge from  each  other  in   moving  from  the 
,fouth  pole,'  till  they  come  half  way,  they  then 
converge  more  and  more,  till  they  arrive  at  the 
north  pole.    If  the  oppofed  poles  are  diftant. 
from  each  other,  fome  arches  will  pals  from 
one  pole  to  the  other  of  the  fame  magnet ;  fewer 
will  be  formed  in  this  manner  if  they  are 
brought  nearer  together,  and  more  will  proceed 
from  one  magnet  to  the  other ;  the  ftream  of 
the  magnetic  matter  will  feem  more  concen- 
trated and  abundant. 

White 
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While  the  mSgnets  remain  In  the  foregoing 
pofition,  place  a  fmall  untouched  bar  or  needle 
in  the  ftream  of  the  magnetic  virtue  ;  this 
will  pafs  through  it,  and  give  it  a  polarity  in 
the  direction  of  the  ftream- 

On  the  fame  principle,  a  large  key;  or  other 
untouched  piece  of  iron,  will  attract  and  fup- 
port  a  fmall!  piece  of  iron,  while  it  is'  within  the 
fphere  of  action  of  the  pole  of  a  magnet,  but 
will  let  them  fall  when  it  is  out  of  the  magne- 
tic ftream. 

A  Tball  of  foft  iron  in  contact  with  a'  magnet, 
will  attract  a  fdcond  ball,  and  that  a  third,  till 
the  ftream  becomes  too  weak  to  fupport  a 
greater  weight. 

Put  into  motion  one  of  the  fmall  whirligigs 
with  an  iron  axis,  and  then  take  it  up  by  a 
magnet;  it  will  preferve  its  rotatory  motion 
much  longer  than  if  it  were  left  to  whirl  on 
the  table  ;  a  fecond  and  a  third  whirligig  may 
be  fufpended  one  under  another,  according  to 
the  ftrength  of  the  magnet,'  and  yet  continue  in' 
motions 

Place  a  magnet  upon  each  of  the  brafs  ftands, 
with  their  poles  of  contrary  names  oppofed  to 
each  other,  and  a  pleafing  chain  of  iron  balls' 
may  be  fufpended  between  them.  Prefent 
cither  pole  of  another  magnet  towards  them, 
and  they  will  fall  down. 

If  a  large  piece  of  iron  is  held  at  one  pole  of 
a  magnet,  it  will  encveafe  the  attraction  of  the 
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other  pole,  and  enable  it  to  lift  more  than  it 
would  otherways  do. 

Magnetic  Repulfion  arifes  from  the  accumula- 
tion of  the  magnetic  fluid,  and  the  refinance 
formed  to  its  entrance  in  the  magnet* 

If  the  two  poles  of  the  fame  name  of  two  mag- 
nets are  brought  near  to  each  other,  and  placed 
under  a  pane  of  glafs,  on  which  iron  filings  have 
been  ftrewed,  the  filings  will  be  difpofed  into 
curves,  whieh  feem  to  turn  back  from  each  other 
xowards  the  oppofite  pole.  The  fluid  which  pro- 
ceeds from  B,  fig.  103,  meeting  with  refinance 
from  the  pores  at  D,  is  forced  to  turn  back,  and 
circulate  round  its  own  magnet^  and  thus  form  two 
atmofpheresjjwhich  act  again!!  each  other,  in  pro- 
portion to  the  force  and  quantity  of  the  ftreani 
ftvhich  paries  through  the  magnets- 

Take  a  fleel  needle,  with  a  very  fine  point, 
and  rub  it  from  the  eye  to  the  point  five  or  fix 
times  with  the  north  pole  of  a  magnetic  bar;  the 
eye  will  be  the  north,  and  the  point  the  fouth 
pole  of  the  needle. 

The  attraction  and  repulfion  of  magnets  is 
not  hindered  or  encreafed  by  the  interpofitiort 
of  any  body  whatever. 

Dip  the  point  of  the  needle  in  fteei  filings, 
and  it  will  take  up  a  considerable  quantity; 
Take  the  magnetic  bar  in  one  hand,  and  the 
needle  with  the  filings  in  the  other,  hold  them 
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parallel  to  the  horizon,  with  the  point  of  thd 
needle  near  the  fouth  pole  of  the  magnet,  ana? 
the  fteel  filings  wilt  fall  from  the  point  of  the 
needle  ;  as  foon  as  the  filings  drop  off  from  the 
point,  withdraw  it  from  the  fphere  of  action  of 
the  magnet,  and  the  point  will  be  fo  far  de- 
prived of  its  attractive  quality,,  that  it  will 
not  again  attract  the  fteer  filings.  If  the  needle 
is  not  taken  away,  but  continues  for  a  few  mi- 
nutes about  half  an  inch  from  the  bar,  the  po- 
larity of  the  needle  will  be  changed  *. 

Hang  a  number  of  balls  to  each  other,  by  ap-' 
plying  the  firft  to  the  north  pole  of  a,  niagnet, 
prefent  the  fouth  pole  of  another  magnet  to  one' 
of  the  middle  balls,  and  all  thofe  below  it  will 
thereby  be  deprived  of  the  magnetic  ftream,' 
and  fall  afunder ;  the  ball  to  which  the 
magnet  wis  applied  will  be  attracted  by  it,  and 
all  the  others  will  remain  fufpended.  If  the 
north  end  of  the  magnet  be  preferited,  then  the 
ball,  to  which  it  is  applied,  will  affo  drop. 

A  lingular  fact  is  related  by  Ibme  ancient 
writers  on  magnetifm.  That  if  two  loadftohes, 
a  ftronger  and  a  weaker,  have  their  repellent 
poles  brought  together,  the  weaker  will  have 
its  power  confufed,  and  will  not  come  to  itfelf 
for  fome  days  ;  the  polarity  of  die  part,  in  con- 
tact, becomes  inverted  by  the  ftronger  power; 
but  as  that  power  reaches  but  a  little  way  be- 

yotid 

*'  Farther  Proor!,  &C.  by  Mr.  Lron,  p.  Co. 
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yond  the  polar  furface,  the  unaltered  power,  iri 
the  remaining  part  of  the  (lone,  is  able,  by  its. 
contrary  force,  to  reftore  the  confufed  part  of 
the  ftone  in  a  few  days. 

It  does  not  appear  that  there  is  any  certain 
law  of  attraction  peculiar  to  magnetiim  ;  for  in 
€lifTerent  pairs  of  magnets,  the  force  will  vary 
at  different  diftances.  The  magnetic  attraction 
is  not  to  be  computed  from  the  center  of 
the  magnets,  but  from  the  center  of  the 
pole. 

Tho'  many  experiments  have  been  made  to  dis- 
cover, whether  the  force  by  which  two  magnets 
are  repelled  or  attracted,  acts  only  to  a  certain 
diftance;  whether  the  degrees  of  its  action  with- 
in, and  at  this  diftance j  is  uniform  or  variable, 
and  in  what  proportion,  to  the  diftances  it  en- 
creafes  or  diminilhes ;  yet  we  can  only  infer 
from  them,  that  the  magnetic  power  ex- 
tends further  at  fome  times,  than  it  does  at 
others,  and  that  the  fphere  of  its  action  '  is 
variable. 

The  fmaller  the  loadftone  or  the  magnet  is, 
the  greater  is  its  force,  ceteris  paribus,  w 
proportion  to  its  fize.  Though  when  the 
axis  of  a  magnet  is  fliort,  and  of  courfe  its 
|)oles  very  near,  their  action  on  each  other 
weakens  the  magnetic  force*"  A  variety  of  other 
£aufes  will  alfo  occafion  great  irregularity  in  the 
attraction  of  magnetifm.  If  one  end  of  a  magnet 
is  dipped  in  fteel  filings,  we  fhall  find  that  they 
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are  very  feldom  diftributed  with  uniformity,  buf 
difpofed  in  little  tufts,  fome  places  more  thick 
than  others*  The  force  of  magnetic  attrac- 
tion between  the  fame  magnets,  and  at  the  fame 
diftance,  may  be  varied  by  turning  the  magnets 
on  their  axis,  and  making  different  parts  of  the 
polar  furfaces  regard  each  other.  If  a  ftrong 
magnet  be  applied  to  a  weaker,  a  kind  of  re- 
pulfion  feems  to  take  place  even  between  poles5 
of  the  fame  name,  but  its  force  is  overpowered 
"by  the  attraction  of  the  ftronger. 

If  a  touched  needle  is  placed  near  a  magnet, 
its  direction  to  the  magnetic  meridian  is  fuf- 
pended,  and  it  alfumes  a  direction  relative  to  its 
iituation  and  diftance  from  the  poles  of  the 
magnet.  Place  a  fmall  needle  on  the  pointed 
end  of  one  of  the  brafs  ftands,  and  then  bring 
it  near  the  magnet,  the  needle  will  direct  itfelf 
differently,  according  to  its.  diftance  from 
the  poles  of  the  magnet.  Thefe  relative 
fituations  and  tendencies  are  more  pleafingly 
pbferved  by  placing  feveral  touched  needles 
round  the  bar  at  the  fame  time.  The  motion  of 
the  fmall  dipping  needle  further  illuftrates  this 
propofition.  From '  the  three  laft  experiments 
various  others  of  considerable  importance  may- 
be derived  for  accurately  inveftigating  the 
curves,  according  to  which  the  magnets  a<5l> 
and  iliuftrating  further  fome  of  the  intricate 
branches  of  magnetifm. 

The: 
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The  northern  magnetifm  is  deftroyed  by  the 
Communication  of  the  fouthern,  and  vice  verfa. 
Hence  it  is  clear;  that  the  two  magnetic  power$ 
counteract  each  other3  and  that  if  both  be  com- 
municated to  the  fame  arm  of  a  magnet,  the 
magnetifm  acquired  by  the  arm  will  be  that 
of  the  ftrOngeft,  and  as  the  difference  between 
the  two  powers* 

Two  ftrait  magnets  will  not  be  weakened,  if 
■they  are  laid  parallel  to  one  another,  with 
poles  of  the  oppofite  denomination  corref- 
ponding  to  each  other,  the  ends  being  con- 
nected together  by  pieces  of  iron*  which' 
will  keep  up  and  facilitate  the  circulation 
■of  the  magnetic  fluid  through  them  ;  but  they 
Should  never  be  fuffered  to  touch  each  other* 
except  when  they  lie  in  the  fame  direction,  and 
with  poles  of  contrary  names- 

A  fingle  ftrait  magnet  mould  be  always  kept 
with  its  fouth  pole  towards  the  north,  or  down- 
wards in  the  northern  magnetic  hemifphere,  and 
■vice  verfa,  in  the  fouthern  hemifphere.  Iroil 
Ihould  never  be  lifted  but  by  the  fouth  pole  of 
a  ftrait  magnet  in  this  hemifphere  of  the  world; 

Every  kind  of  violent  percuflion  weakens* 
the  power  of  a  magnet ;  a  ftrOhg  magnet  has 
been  entirely  deprived  of  its'  virtue  by  receiv- 
ing feveral  fmart  ftrokes  of  a  hammer ;  indeed, 
whatever  deranges,  or  difturbs  the  internal  pores 
of  a  magnet,  will  injure  its  magnetic  force,  as 
the  bending  of  touched  iron,  wires,  &c. 
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Fill  a  fmall  dry  glafs  tube  with  iron  filings,' 
prcfs  them  in  rather  clofc,  and  then  touch 
the  tube  as  if  it  was  a  fteel  bar,  and  the  tube 
Will  attract  a  light  needle,  &c.  fhakc  the  tube 
fb  that  the  fituation  of  the  filings  may  be  dif- 
turbed,  and  the  magnetic  virtue  will  vanim. 

But  though  a  violent  pcrcuffion  will  deftroy  a 
fixed  magnetifm,  yet  it  will  give  polarity  to  an 
iron  bar  which  had  none  before  ;  for  a  few  fmart 
ftrokes  of  an  hammer,  on  an  iron  bar,  will  give 
it  a  polarity,  and  by  hitting,  firft  one  end  of 
the  bar,  and  then  the  other,  while  it  is  held  in  a 
vertical  fituation  the  poles  may  be  changed. 
Twift  a  long  piece  of  iron  wire  backwards- 
and  forwards  feveral  times,  then  break  it  off  at 
the  twilled  part,  and  the  broken  end  will  be 
magnetical.- 

If  a  magnet  be  cut  through  the  axis,  the  feg- 
ments,  which  were  joined  before*  will  avoid 
and  fly  from  each  other. 

If  a  magnet  is  divided  by  a  fection  perpen- 
dicular to  the  axis,  the  parts  which  were  joined 
before  will  have  acquired  contrary  poles,  one 
north,  the  other  fouth,  thus,  generating  a  new 
magnet  at  every  fection 

From  thefe,  and  firnilar  experiments,  Mr. 
Ecles  infers,  that  magnetifm  confifts  of  two 
different  diftinct  powers,  which  in  their  natural 
Hate  are  conjoined,  and  exert  but  little  fen- 
fible  action,  and  ftrongly  attract  each  other  at 
all  times ;  but  when  they  are  feparatcd  by  force,- 
they  aft  like  thofe  of  electricity  v-  for  if  mag- 
netifm 
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Tietifm  is  excited  in  two  different  pieces  of  ftecj 
by  the  fouth  pole  of  a  magnet,  the  ends  repel 
each  other  ;  but  if  one  piece  be  excited  by  the 
north  pole,  and  another  by  the  fouth,  they  will 
attract  each  other.    He  further  fuppofes,  that 
a  magnet  attracts,  and  is  attracted,  not  entirely 
according  to  its  own  ftrength,  but  according  to 
the  quantity  of  iron  to  be  attracted  ;  ar^d  that 
magnetifm  is  a  quality  inherent  in  all  iron,  and 
of  which  it  cannot  be  diverted  ;  for  fire,  which 
will  deftroy  a  fixed  magnetifm,  does  not  de- 
prive it  of  its  natural  quantity  ;  on  the  contrary, 
it  will  give  it  a  polarity,  or  fixed  magnetifm, 
according  to  the  manner  of  heating  or  cooling 
the  iron, 

In  an  unarmed  magnet,  the  magnetic  ftream 
is  carried  back,  ,011  all  fides,  in  curved  lines  to 
the  contrary  poles ;  but  when  armour,  or  plates 
of  iron,  are  applied  to  each  pole,  the  direction 
of  the  magnetic  fluid  is  changed,  and  it  is  con-r 
ducted,  united,  and  condenfed,  at  the  feet  of 
the  armour;  fo  that  if  the  feet  are  connected  by 
another  piece  of  iron,  which  is.  called  a"  lifter, 
the  flream  proceeding  from  Que  pole  is  carried 
by  the  lifter  to  the  other,  which  caufes  it  to 
adhere  with  confiderable  force..  A  chain  of 
balls  may  be  formed  between  the  two  feet  in- 
stead of  a  lifter. 

Place  the  armed  magnet  under  a  glafs  plane, 
ftrewed  over  with  ftccl  filings,  and thefe  will  be 
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arranged  in  curves  which  go  from  one  foot  to, 
the  other. 

The  armour  mould  be  formed  of  foft  homo- 
genous iron,  well  fitted  to  the  ends  of  the  mag- 
nets;  it  mould  alfo  be  thicker,  in  propor- 
tion as  the  diftance  of  the  poles  from  each 
pther  encreafes. 

Mr.  Savery  has  adduced  feveral  inftances  to 
ihew  the  force  and  action  of  the  earth's  mag- 
netifm  ;  among  others,  that  it  will  fupport  fmall 
pieces  of  iron.  He  hung  up  a  bar  of  iron,  about 
five  feet  long,  by  a  loop  of  fmall  cord,  at  the 
tipper  end,  and  then  carefully  wiped  the  lower 
end,  and  the  point  of  a  nail,  that  there  might 
be  no  duft  or  moifture  to  prevent  a  good  con- 
tact ;  then  holding  the  nail  under  the  bar,  with 
its  point  upward,  he  kept  it  elofe  to  the  bar, 
holding  only  one  finger  under  its  head  for  the 
fpacp  of  thirty  or  more  feconds,  then  withdraw- 
ing his  finger  gently  downwards  that  the  naij. 
might  not  vibrate ;  if  it  fell  off,  he  wiped  the 
point  as  before,  and  tried  fpme  other  part  of 
the  plane  at  the  bottom  of  the  bar.  If  the  ends 
are  fimilar,  and  the  bar  has  no  permanent  vir- 
tue, it  is  indifferent  which  end  is  downwards  j 
if  it  has  ari  imperfect  degree  of  polarity,  one 
£nd  will  anfwer  better  than  the  other. 

The  upper  end  A  of  a  long  iron  rod,  which 
has  no  fixed  polarity,  will  attract  the  north  end 
pfa  magnetic  needle  j  the  under  end  B  repels  the 
north  end  of  the  needle ;  invert  the  iron  bar, 
grid  the  end  B,  which  is  now  the  upper  one, 

will 


ON    MAGNETISM.  359 

tyill  attract  the  north  pole  of  the  needle  that  it 
repelled  before  ;  the  cafe  is  the  fame,  if  the  bat* 
is  placed  horizontally  in  the  magnetic  meri- 
dian, the  end  towards  the  fouth  w  ill  be  a  north 
pole. 

Iron  bars  of  windows,  which  have  remained 
long  in  a  vertical  pofition,  acquire  a  fixed  po- 
larity, Mr,  Lewenhoek  mentions  an  iron  crofs, 
which  was  fuppofed  to  have  ftood  on  the  fteeplc 
of  a  church,  at  Velft,  about  200  years,  which 
had  acquired  a  ftrong  fixed  magnetifm. 

The  needle  of  the  mariner's  compafs,  does  not 
point  exactly  to  the  north,  but  is  observed  to  change 
its  azimuth,  pointing  fometimes  towards  the  eaft, 
and  fometimes  to  the  weft  of  the  meridian. 

This  deviation  from  the  meridian  is  called 
the  variation  of  the  needle,  and  is  different  at 
different  parts  of  the  world,  being  weft  at  fome 
places,  eaft  at  others,  and  in  parts  where  thfe 
variation  is  of  the  fame  name,  its  quantity  is 
very  different. 

Though  the  directive  power  of  the  compafs 
was  applied  to  the  purpofes  of  navigation  in  the 
fourteenth  and  fifteenth  century,  it  does  not 
appear  that  there  were  any  apprehenfions  during 
that  time  of  its  pointing  otherways  than  due 
jiorth  and  fouth. 

The  variation  of  the  compafs  is  faid  to  have 
freen  firft  difcovered  by  Columbus,  in  his  voy- 
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age,  the  latter  end  of  the  fifteenth  century,  for 
the  difepvery  of  that  part  of  the  world  which 
is  now  called  the  Weft  Indies.  But  the  firft 
perfbn  who  difcovered  that  it  was  real,  and 
tps  the  fame  to  all  needles  in  the  fame  place, 
is  generally  allowed  to  be  Sebaftian  Cabot. 
This  was  about  the  year  1 49  7. 

After  the  variation  was  difcovered  by  Cabot, 
it  was  thought,  for  a  long  time,  to  be  invariably 
the  fame,  at  the  fame  places,  in  all  ages  ;  but 
Mr.  Gellibrand,  about  the  year  1625,  difco- 
yered  that  it  was  different,  at  different  times, 
in  the  fame  place. 

If  a  needle,  which  is  accurately  balanced, 
and  fnfpended,  fo  as  to  turn  freely  in  a  vertical 
plane,  be  rendered  magnetical,  the  north  -pole 
will  be  depreffed,  and  the  /out h  pole  elevated  above 
the  horizon  ;  this  property,  which  is  called  the 
(dip  of  the  needle,  was  difcovered  by  Robert 
Norman,  about  the  year  ^576. 

It  is  clear,  that  the  magnetic  power  exerts 
itfelf  in  two  manners  on  a  compafs  needle ;  by 
cne  force  it  is  directed  towards  the  magnetic 
meridian  ;  by  the  other,  it  forms  an  angle  with 
the  horizon. 

The  pofition  .of  a  dipping  needle,  when  at 
reft  in  the  magnetical  meridian,  is  called  the 
magnetical  line. 

Various  kinds  of  round  magnets,  termed  Te- 
yellas,  have  been  conftrufled  with  a  view  to 
jpv^ftigate  the  phcenomena  of  the  variation, 
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and  the  dip  of  the  needle?  by  obferving  the.  po- 
rtion of  a  compafs.  at  different  parts  of  the  Te- 
rella,  and  comparing  thefe  pofitions  with  the 
obferved  ftate  of  the  magnetic  needle  on  the 
earth.  Little  progrefs  has  been  made  with  thefe 
on  account  of  the  imperfection  of  their  conftruc- 
tion;  one  has,  however,  been  invented  by 
Mr.  Magellan,  which  bids  fair  to  be  of  real  ufe, 
in  discovering  the  laws  by  which  thefe  myfte- 
rious  properties  are  regulated.  It  will  fce  found 
that  molt  of  the  phcenomena  attending  the  di- 
re&ion  of  the  needle,  correfpond  to  what  hap- 
pens to  a  needle  placed  on  the  Terella. 

About  the  year  1722  and  1723,  Mr.  George 
Graham  made  a  great  number  of  obfervations 
on  the  diurnal  variations  of  the  magnetic  needle. 
In  the  year  1750,  Mr.  Wargentin  took  notice 
©f  the  regular  diurnal  variation  of  the  needle  ; 
and  alfo  of  its  being  diftuibed  at  the  time  of 
an  aurora  borealis.  j^bout  the  latter  end  of  the 
year  1756,  Mr.  Canton  began  to  make  obferva- 
tions on  the  variation,  and  1759  communi- 
cated the  following  valuable  experiments  to  the 
Royal  Society. 

The  obfervations  were  made  by  him  for  603 
days,  on  574,  out  of  thefe,  the  diurnal  varia- 
tion was  regular.  The  abfolute  variation  of  the 
needle  wejlward,  was  encreafing,  from  about  8  or 
9  o'clock  in  the  mornings  till  about  1  or  2  in 
jhe  afternoon,   when  the  needle  became  fta- 
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donary  for  fome  rtime  ;  after  that,  the  variation 
weftward  was  decreasing,  and  the  needle  came 
b;-ick  again  to  its  former  fituation  in  the  night, 
or  by  the  next  morning. 

tfhe  diurnal  variation  is  irregular  when  the 
tieedle  moves  jlowly  eqfiward,  in  the  latter  part  of 
the  mornings  or  weftward  in  the  latter  part  of 
the  afternoon  ;  alfo  when  it  moves  much  either  way 
After  night,  or  fuddenly  both  ways  in  a  fhort  time. 

Thefe  irregularities  feldom  happen  more  than 
once  or  twice  in  a  month,  and  are  always  ac-> 
companied  with  an  aurora  borealis. 

The  attractive  power  of  a  magnet  will  dc» 
creafe  while  it  is  heating,  and  encreafe  while 
it  is  cooling ;  the  greater  the  force  of  the  fame 
magnet,  the  more  it  will  lofe  in  a  given  de» 
gree  of  heat*. 

Experiment  I. 

About  ENE  from  a  compafs,  a  little  more 
than  three  inches  in  diameter,  Mr.  Canton 
placed  a  fmall  magnet  two  inches  long,  half 
an  inch  broad,  and  three-twentieths  of  an  inclj 
thick,  parallel  to  the  magnetic  meridian  ;  and  at 
fuch  a  diftance,  that  the  power  of  the  fouth  end 
of  the  magnet  was  but  juft  fufficient  to  keep  the 
north  end  of  the  needle  to  the  NE  point,  or 
to  45  degrees. 


ON     MAGNETISM.  363 


The  magnet  being  covered  by  a  brafs  weight 
of  fixteen  ounces,  about  two  ounces  of  boiling 
water  was  poured  into  it,  by  which  means  the 
magnet  was  gradually  heating  for  feven  or  eight 
minutes ;  and  during  that  time,  the  needle 
moved  about  three  quarters  of  a  degree  weft- 
ward,  and  became  ftationary  at  440  ~ ;  in  nine 
minutes  more,  it  came  back  a  quarter  of  a  de- 
gree, or  to  440  \  ;  but  was  fome  hours  before 
it  gained  its  former  fituation,  and  flood  at 

Ao  t 

Experiment  H. 

On  each  fide  of  the  compafs,  and  parallel  to 
the  magnetic  meridian,  he  placed  a  ftrong  mag- 
net, of  the  fize  above-mentioned  ;  fo  that  the 
fouth  ends  of  both  the  magnets  acted  equally 
on  the  north  end  qf  the  needle,  and  kept  it  in 
the  magnetic  meridian ;  but  if  either  of  the 
magnets  was  removed,  the  needle  was  attracted 
£>y  the  other,  fo  as  to  ftand  at  45  degrees.  The 
magnets  were  both  covered  with  brafs  weights 
of  fixteen  ounces  each.  Into  the  eaftern  weight 
about  two  ounces  of  boiling  water  was  poured  ; 
and  the  needle  in  one  minute  moved  half  a  der 
gree,  and  continued  moving  weftward  for  about 
feven  minutes,  when.it  arrived  at  20  It  was 
then  ftationary  for  fome  time  ;  but,  in  twenty- 
four  minutes  from  the  beginning,  it  came  back 
jto  20  i,  and  in  fifty  minutes  to  2°  £?    He  then 
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filled  the  weftern  weight  with  boiling  water,  and 
in  one  minute  the  needle  came  back  to  i  °  £ ;  in 
•fix  minutes  more  it  flood  half  a  degree  eafl- 
ward  ;  and  after  that,  in  about  forty  minutes, 
it  returned  to  the  magnetic  north,  or  its  firft 
fituation. 

It.  is  evident,  that  the  magnetic  parts  of  the 
earth  in  the  north  on  the  eaft  fide,  and  the  mag- 
netic parts  of  the  earth  in  the  north  on  the  weft 
iide  of  the  magnetic  meridian,  equally  attract 
the  north  end  of  the  needle.  If  then  the  eaftern 
magnetic  parts  are  heated  falter  by  the  fun  in 
the  morning,  than  the  weftern,  the  needle  will 
move  weftward,  and  the  abfolute  variation  will 
encreafe ;  when  the  attracting  parts  of  the  earth 
on  each  fide  of  the  magnetic  meridian  have  their 
heat  encrcafing  equally,  the  needle  will  be  fta- 
tionary,  and  the  abfolute  variation  will  then  be 
greateft ;  but,  when  the  weftern  magnetic  parts 
■are  either  heating  fafter,  or  cooling  flower  than 
the  eaftern,  the  needle  will  move  eaftvvard,  or 
the  abfolute  variation  will  decreafe  ;  and  when 
the  eaftern  and  weftern  magnetic  parts  are  cool- 
ing equally  faft,  the  needle  will  again  be  fta- 
tionary,  and  the  abfolute  variation  will  then  be 
leaft.  This  may  be  ftill"  further  illuftrated,  by 
placing  the  compafs  and  two  magnets,  as  in  the 
laft  experiment,  behind  a  fcreen  near  the  middle 
of  the  day  in  fummer ;  then,  if  the  fcreen  be 
1b  moved,  that  the  fun  may  fhine  only  on  the 
eaftern  magnet,  the  needle  will  fenfibly  vary  in 
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its  direction,  and  mote  towards  the  weft  ;  and 
if  the  eaftern  magnet  be  iTiaded,  while  the  fun 
ihines  on  the  weftern,  the  needle  will  move  the 
contrary  way.  By  this  theory,  the  diurnal  va- 
riation in  the  Cummer  ought  to  exceed  that  in 
the  winter ;  and  we  accordingly  find  by  obfer- 
vation,  that  the  diurnal  variation  in  the  months 
of  June  and  July,  is  almoft  double  that  of  De- 
cember and  January. 

The  irregular  diurnal  variation  niuft  arife 
from  fame  other  caiife  than  that  of  heat  com-' 
municated  by  the  fun ;  and  here  we  mull  have 
recourfe  to  fubterranean  heat,  which  is  gene* 
rated  without  any  regularity  as  to  time,  an4 
which  will,  when  it  happens  in  the  north,  af-' 
feel:  the  attractive  power  of  the  magnetic  parts 
of  the  earth  on  the  north,  end  of  the  needle, 
The  Reverend  Dr.  Hales  has  a  good  obferva- 
tion  on  this  heat,  in  the  Appendix  to  the  fecond 
volume  of  his  Statical  Eflays,  which  I  malt 
here  tranferibe.-  "  That  the  warmth  of  th« 
"  earth,  at  fome  depth  under  ground,  has  aft 
**  influence  in  promoting  a  thaw,  as  well  as 
Ki  the  change  of  the  weather  from  a  freezing  to 
"  a  thawing  ftate,  is  manifeft  from  this  obfer- 
(i  vation;  viz4  Nov.  27,  1731,  a  little  mow 
v  having  fallen  in  the  riightj  it  was,  by  eleven 
**  the  next  morning,  moftly  melted  away  on 
"  the  furface  of  the  earth,  except  in  feveral 
tf  places  in  Bufhy-Park,  where  there  were' 
"  drains  dug,  and  covered  with  earth,  where 
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"  the  fnow  continued  to  lie,  whether  thofe 
"  drains  were  full  of  water,  or  dry ;  as  alio1 
*c  where  elm-pipes  lay  under-ground;  a  plaint 
u  proof  that  thefe  drains  intercepted  the 
t(  warmth  df  the  earth  from  afcending  from 
<c  greater  depths  below  them  ;  for  the  fnow  lay 
iC  where  the  drain  had  more  than  four  feet 
"  depth  df  earth  over  it;  It  continued  alfo  to 
*£  lie  on  thatch,  tiles j  and  the  tops  of  walls." 

•That  the  air  neareft  the  earth  will  be  moft 
warmed  by  the  heat  of  it,  is  obvidus  ;  afrd  this 
has  frequently  been  taken  notice  of  in  the  morn- 
ing, before  day,  by  means  of  therrctometers 
at  different  diftances  from  the  ground,  by  thef 
Reverend  Dn  Miles,  at  Tooting,  in  Surrey  } 
and  is  mentioned  in  p.  526,  of  the  48th  volume 
of  the  Philofophical  Transactions* 

The  aurora  borealis,  which  happens  at  the 
time  the  needle  is  difturbed  by  the  heat  of  the 
earth,  is  fuppofed  to  be  the  electricity  of  the 
heated  air  above  it  ;  and  this  will  appear  chiefly 
in  the  northern  regions,  as  the  alteration  in  the' 
heat  of  thofe  parts  will  be  g.reateft.  This  hy- 
pothelis  will  not  feem  improbable,  if  it  be  con- 
fidered,  that  electricity  is  now  known  to  be  the 
eaufe  of  thunder  and  lightning,  that  it  has  been 
extracted  from  the  air  at  the  time  of  an  aurora 
oorealis ;  that  the  inhabitants  of  the  northern 
countries  obferve  the  aurora  to  be  remarkably 
ftrong,  when  a  fudden  thaw  happens  after  fe- 
vere  cold' weather  ;  and  that  the  curious  in  thefe 

matters 


ON    MAGNETISM.  36y 

matters  are  now  acquainted  with  a  fubftance, 
that  will,  without  friction,  both  emit  and  ab- 
forb  the  electrical  fluid,  only  by  the  encrcafe 
or  diminution  of  its  heat :  for  if  the  Tourmalin 
be  placed  on  a  plane  piece  of  heated  glafs,  or 
metal,  fo  that  each  fide  of  it,  by  being  perpen- 
dicular to  the  furface  of  the  heating  body,  may 
be  equally  heated,  it  will,  while  heating,  have 
the  electricity  of  one  of  its  fides  pofitive,  and 
that  of  the  other  negative  ;  this  will  likewife  be 
the  cafe  wheti  it  is  taken  out  of  boiling  water, 
ancf  fuffered  to  cool ;  but  the  fide  that  was  pofi- 
tive while  it  was  heating,  will  be  negative  while 
it  is  cooling,  and  the  fide  that  was  negative, 
will  be  pofitive. 


FINIS. 


